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SUMMARY

In the evt'it of tuture war. it is pssi biLI that nuclear w iapons would w' umid. It is
imperative, thereforc, tha.t the United Staces Army c.stahlish dt-fi-niive measures (if all

types againiM nuclear attack. Th'll assigned n'tsp nsiiitiites tf t-li Sanitary Sciences D)ivi-
sion , 1U..S.riy Mnii % liit,, i E p cotpme'nt Re.tarric and I)'v,'hopinel Ce'nter. Fo rt Bl'wvoir.
Virvinia il flilt- field of wavter and sanilation require that ,Ix-vial vorj'eraI~on be given
to the prltbhluis associated withi the colntaminatio of wat ' su pplies. Oteconitamilat ion
iiasLres must he establisheid sin cv' it is 4ssin tifial that potabeide and uncontaminated wath r

bw firncishd in Ith fit fid for driiking, washing, culharN , talhiig, lanihn'ricg,- a nd (dehy-
dra-thd foo.i rt'col•stitution pirpc•.ms. Sinvc, 1919. rescanrci in this ar'a has twen direchttd
toward fIli t'valhatioc of standard and exp'rimcnital proct'sA-s andt etlipment that ((mhld
be' ti.ed for i('contarninationi purpos••s. lhibi re'port is a summary of th1e informatimci
obtained.

"1"1w report v'onchihts thai:

a. Tlhi use of •fmi,'ear w'altios poses a slVwere threat to wafer supplie's as a result
of contamnination with fisstion prot•tlIs, mifissio.ie.d plutonium or uranium, or ncutron-
activate'd radi ',to~es..

b. Fallout from a ucic'ar wealpon vari's widv'Il iii its water solubility. detlt'ndtig
primarily upoc the icalurt' of lit soil i llthe vicinity of ground zero.

Fo. l:: r valhiatition (d atl'r ctiico11acntiila itic 0 prt it'ssts. a 1irovisional maximnum1

permissihhlt toctctitratio)n (NiPC) of 300,00O pic',curir's pc'r liter tf et'a-vganma activity
seric d as an adequalt guide.

d. A sciniquatiilalivt thcheck of 4he levIl of activity icn raw or finished water can
lt' madt with a standard PI)R-27J 1 bta-gamma radiation wi'tt'r. The probe is proteilhed
with a rubber sheath, insertedcl into [ie water, and a ctnkv 'rsi-n made from the meter
reading in millirocintireis/hoir to pitv.ctrirs per liter.

e. The' stadlard Arm' E]RD()Lator Waler Purification Unit is t'ff.ciivc for remov-
ing radi•ta'live sidistacit s from water whe'n present.l as suspended insolu.ile, hirbidity.
ThI c FRI )Lator will not remtv'e radioactivt' coilaminanits prest' . sol!Sth4i ra.ioim Olovs..

f. The efficienvcy of the standard ERIDLator Water Piitlficatioc Unit iii rimiflviwig
hi lje radioisotoptes (i ch le im provedt substantially by pretreating the contaminata'd

water with iclay or sonic othei radioisotope adsorbent,

:_---



g. The standard Army Vapor Compresson Distillation Unit is effective in decon-
laminating water containing radioactive material.

hi. A field expedient method consisting of the following steps is effective in
removing chemical, biological, radiological (CBR) contaminants from water: super-
hlvpochlorinatiuoa and activated carbon adsorption h, series in a Lister bag, coagulation.
filtration, mixed-bed ion exchange demineralization, and post chlorination.

i. The standard Army ion Exchange Unit, when used as a post treatment device
after the standard ERDLator Unit, is effective for removing soluble radioactive sub- f
stances from water.

j. The reverse osmosis water purification process is promising for decontaminat-
ing water containing radioactivity in both the soluble and insoluble state.

k. Grjund water may reasonably be assumed to be free of radioactive substances
and should he used whenvever the tactical situation permits.

I. Radioactive waste slurries developed as a result of using Army field water puri-
.ication equipment skauld be disposed of properly by burial or other appropriatc means.

""i
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PREFACE

Thc in formatii in thin his re t r was deveohed by tli Sani tary Sciviicvs I)ivision.
V.S. Army Mohbilih Elnip met nt Res•arch ii and Ievvlophi ntn men i Fort * elwir. Virginia.
Basic Wahmratory and pitlot planit st.udies were coiithiched at the ()ak Irht ll N rlminal

Labloratorn . Fiheld tehtinii, u ider (Oiperations Busthr. J atih, Phluibil)b, I lardlatk II. and
Siuillm aii., % as act mpluiislifd at t it Ncvada Test Site uind'er t lie aiispicies (f tlit- )eftetm'i
Atnije Siipport .Aly'ni (l)ASA) and lith Atomic hicrly (Commliss•on (AC(;). A plih-
toniun n ath-r decontainiioinitin study condliucted at thi I. .ts Alamos Scintifie Labora!o)rV
was accomnplished withi lite cooperation of the i Univrsitv of California. A simiulated

nuclear study ((Operation Snowball) was coiudiiilhd at Ow Suffiehl E txperiment Statlioti
Canada. with lhe C(ooperation (if the Canadian D)eptartnient if Ihefcmwi..

The' autihority foer this work is lich task now knowni a., Wathr andi Aastewahter
Management. IG 762708A II67"WA. The pe-riod tiverefd is from N o•vmller 1949 ht

The preparation of this report was accomplished under the suptervision of Mauricr,

Pressman, Group ILeader, Sanitary Scienn'ts D)ivisioni; Richard P. Schmitt. Chief, Sanitary

Sci( tcls Diivision'- and Ilarrm L,. A rilmhn. Chief. L~aboratrN 2000.
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DECONTAMINATION OF WATER CONTAINING

RADIOLOGICAL WARFARE AGENTS

I. INTRODUCTION

1. Subject. This report summarizes research and development studies conducted
by the U.S. Army since 1949 on the decontamination of water containing radiological
substances. Basic laboratory and pilot plant studies were conducted at the Oak Ridge
National Laboratory. Field testing, under Operations Buster, Jangle, Plumlobob, Hard-
tack I1, and Sunbeam, was accomplished at the Nevada Test Site under the auspices of
DASA and AEC. The plutonium decontamination study was conducted at the Los
Alamos Scientific Laboratory with the cooperation of the University of California.
The simulated nuclear study, Operation Snowball, was conducted at the Suffield Experi-
mental Station, Canada, with the cooperation of the Canadian Department of Defense.

2. History of Nuclear Weapons. Nuclear history in relation to the Military is
traced as follows:

Significant Nuclear Events

(Militar-ly.Oriented)

Date Event

2 Dec 42 - First demonstration of sustained nuclear fission, Stagg Stadium,
University of Chicago.

16 Jul 45 - Alamagordo, New Mexico TRINITY shot, 19 kt.

5 Aug 45 - "Little Boy" atom bomb, Hliroshima, Japan.

9 Aug 45 - "Fat Man" atom bomb, Nagasaki, Japan.

29 Aug 49 - "Joe I," first Russian altm bomb detonated.

3 Oct 52 - Britain detonates iirst atom bomb in Monte Pello Islands, off
coast of Northwest Australia.

31 Oct 52 - U.S. detonates first thermonuclear shot, Eniwetok, 10.4 mt.

13 Feb 60 - France detonates first atomic bomb south of Reggan in th
Sahara Desert.

30 Oct 61 Largust announced nuclear shot of all time, USSR, Novava

Zemlya, 58 mt.

16 Oct 64 Peoples Republic of China detonates first atomic bomb in the
Taklarnakan Desert in province of Sinkiang.

r.
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I 'la; 74- India dletonates first atoitic' boil in tihtv Raj~i'itan dewert of
western India.

It is noted that tlh' fijvq permanent niend 'ýtrs of teiv Uinited Nations Se'curity
Counnil arv Lhi saiec five nations first to ac.hie w a nuclear capability. Thus, a miclear
arsenal has blecome" eqiuated with world-power status. It is possible, evt'i probable, that
olther nations will join itc' nuclear club.

3. The Radiological Warfare Threat. A bursting nuclear weapon, in addlitiol to
pro(hd,'ing blast, heat and light, prtwdct s lar-"e quanLitlies of radioactive materials. Tese
mnaterials art' classifit'd as: fission products, ura nium or plItonium which has escal1wd
f5tissio*n and ub:4lstancets activated by uvt lron botmnbardmentn. (Note: Thcse could be coin-
ptnE'nts otf the soil or air, dissolved minerals in water, or mnaterials of construction of
thie' hob n its•llf. So--called "rigged boiihbs" or "salted bo nits" ''couId n]cnceivably be con-
struicted with a casing, such as cobalt, which would Ibt'evolnef radioactive.)

Ili additiotn to tiih abotv', it shoutld be noted that a so-called radiological bomnb
cIould be built, in which no iniclear dcetonation would take place.. Dissemination of a
radioisotope, or radioisotopes, woutl bl' achieved by spraying, high explosive dispersal,
ect'. It has bctn suggestid that the trei hiendois sto.ktilt'e .f ac u mulated fission products
occiirrinig as a byproduct of the miclear reactor industry could be uswti as material for a
radiologi cal Ibozn . hi addition, specific radioist)topeJi.s tcoult be produced by irradiation
in a incle'har reacLor. Iiowe ver, it is believed that this procedurt' wonuhl s•. little if any
use, silni' it would result in a loss of' rca'tor capacity or would introduce a major
handling prolblemi. Other mate'rials considered as IMW agtilts art' zirconium-95-niobium-
95. protactiniutni-233, and tantalumn-182.

Ili the c'asm (if eitiher a niu:lcar or a radiological bomb. water to he used for
drinking purposes could btecome sufficiently contaminated to cause physiological damage
to the hiumaii botdv. Thie damnagi' would be doc to ionization of tIh' tissues 1y the born-
liardtnenit of alpha. beta, or gamnia ravE s. In reality, the hullman otldN is exposed' at all
tnlies io solme ionizini radiatioin, tittlably I hit' cosinic rays atild also lilt' ravs-emitted from
iiinaturally oct -urring radiiso'topes su c'h as Ptotassiuni 40 anid earlbon-I 4. ()rdinarily, sucIh

• - -naturally om't'trrit•g radiation is not tot•tidt'rt'd harmnful. Hlowe've'r, sonic' harmnful effects

coul lit' bcuaus•dt Iby thle inget.slioin of radioisoLitp's thirouiv Ilic niedhinni (if tonittiantinat'd
""wafer. Little, if ally, damagi' might result fromn radioisotopes with a comi' bination of
shor! half lift and high exe'rntici ralt'. Scriotis dauiago' loohtl rstuli front radiiisotopes
with ., contbinationt ouf l•ug half lift' and sele'tivc' absorption ititto certaili parts ol' the
boilv suicth as lhi' Ibontus or glaidtls.

Figure I is a phoilogu'-apii of a ionminal atoinit dt'l)tiuatoil at i'tmii'c-a Flat.
Nv' ada Tvt- Site.

'42



Figure 2 is a photograph of shot Priscilla, Operation Plumbbob. Shot
Priscilla was fired at 0630 hours. 24 June 1957, from a 700-foot-high suspended balloon
at the Frtwchnian Flat, Nevada Test Site. The yield was 37 kt.

Figure 3 is a nuclear shot from an artillery picce.

Figure 4 shows the fireball from a Pacific theatre thermonuclear detonation.

Tih downtown skyline of a city has been inserted.

4. Characteristics of Radioactivity. The fission of uranium or plutonium results
in thc formation of numerous atomic fragments, representing isotopes of 37 different
elements. One hour after detonation, approximately 550,000 megacuries, or 125 pounds,
of radioactive material exist per megaton of original blast. Most of the radioisotopes
decay by the emission of beta particles, frequently accompanied by one or more photons
of gamma radiation. The half-lives of the radioisotopes vary from a fraction of a second
to many years, and the products of decay are usually also radioactive. The decay pro-
(luct may have longer or shorter half-lives than their parents. Each of the fission products
undergoes, on the average, three stages cf beta decay, often accompanied by gammla radia-
tiun before it is converted into a stable species.

The most critical fission products involved for time intervals up to 1 month
include radioisotopes of the following elements (in descending order of importance):
tellurium, strontium, iodine, barium, niobium, xenon, cerium, rhodium, praseodymium,
and yttrium. For longer periods of time, and for many years following, strontium-90
and cesium-137 are the most critical radioelements.

Individual pure radioisotopes decay according to the radioactive decay law, in

which the rate of decay is proportional to the total number of atoms present. A con-
venient means of expressing the decay of a radioisotope is by means of its half-fife. The
half-life simply states the period of time required for one-half of the atoms present to
disintegrate. Strontium-90 is selected as an example since it is probably the most im-

portant of the fission products, with great physiological significance. Strontium.90 is
"actually part of a chain of radioelements starting with krypton-90 and ending with

stable zirconium, i.e.:

Krypion-90 U emission

(Primary fission product) 32-second

half-life

"Rubidium-90 " emission

4.3-minute
half-life

3



Strontiurn-90 cinission

hal f-li fe

Yt tri Li il-90) eiliss50in

64-hour

half -life

Sdelet ing ptiAre stronitituri- 90 fromn th ci hai n, Table I illustrates tlhe half-life
law ill action. It is nloted l ULat 1 0 half-li~ ts reduce th e irigniul radioacti~ity, to less, than
0.1 p ervent o' thei origrina I amIIount.i

Tla ble I . Dccay of' Strontiumn.90
(Ilialtf-ife 28.9 y'ears)

Time ('ýcars) Activity (curivs)

1) I 10) (ex~am1ple)

28.9 5

57.8 25
86.7 12.5

115.6 6.25 I
144.5 :3.125
173.4 1.56
202.3 0. 78
23 1.2 0.39

260.1 0.195
2139.0) 0.0977

If tihe activitv of stroiitiiin .90 is plotted on Ilie- lot, axis of semi-log pape'r,
anld timle is plotted on thle rectilinear a,,is. a straight line restills. (See Figure 5.)

Thle ul.'eay of pure stronttium slio%%mi inl Vligue is coiiiplivalcd by [ lit, fact
ini thit - 11 C-Ihw forcd 11In9.i loaleacntv widnui hall-i

of 6 hors.Therefore, it' a sample of punre stronltinm-9() were a%;ailable. (lie total eni

would aetuallN inc(rease to anl eventual %almme twice that of' the stronitiinrn-9( alonev.
T[his f'ital slate is ealled seenilar equilibrium. 'Ibis plienmeno~nei is, illustrited Wr ligpire 6.

F'issioun prodtiets. being a mixiir un. do not deeaN *i((ordlinig to f(I l, ra(ioavieZ i

dlecav !aý for a single p~ure r,,vliOisotOpi* I lomweer. whenii~ l(- Io al gyross conwi tof' fission
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Figure 3. U.S. Army exercise: artillery-fired atomnic bomb.
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inro4 I i( IS I)10 Ite I( agai list (11n1it(pi ilot g-lkog I j)itI r. it straight i Iii w is oli tait it-(I '% itII ast U 1)
oI' 1.2. (S ['ligure 7 I'r vxampllel.) A ch),v aipproximiationi to tIl hue- is odltaincd b%~

mw~ of' Ow 7:10 ruile. This rule stlets that For c', er,6 sevtef-n old inere(Lsc ii-tinti afteir
dit, I (atioti. the re isý U IEf, nblll (i('reais4 in rau(Iioacti itIN. 'l'lis floin I is illItustrated 1 inI
Tlable 2. k complicalinitg taacor that Colltll (Ietir is *1ra(tioaittoi." "FractionatIion"

i. Ierlin apipliedlto Ilii separatjion of' lýs.Oitn jlroghtts. once4 blormcd intlo clrincedit and
Ivant portions as a residl(t'o scI4(tedl tlvinhidesatlii dtrlitit lite coolinlg ()I' ft(- b'ailut
particle-s. For inslanec. vertaili Iallouu material eoitid lbe richer or leauier inl stro~ntium-
9(t tian other f'allout mlaterial. di-e~anding 11j4401 1114 clndltihsiltiln behavior of* the pre-
ctirslir ralhioisolo~pe. rulidiuium-90. Fractionation orf not, ais thin- goes on. the shorter
hialf-lifc poortion (it' the~ l'ission protlltit mxuttire dies out ad all~ tI hat is left is strontiumi-

Table 2. 7: 10 lheca lttile For Fissioni Prodhucts

Ti me Ua ft r Dlonat4 ioatjIIi ( :ries
I H our 100 (examujul-)

7Hours t0

49 flours (2 Day~s) I

1-4 Days (2 Weeiks) 0. 1

14 Weeks ( I Quarter) 0.01)

7 Quarters (22 Yvars) 0.00 1)

14 Years 0.10001

5. Water Contaminiation. %\ certain low-level "background ' radioactive e-on-

Itfltitiatioli alreadyl vxistetl ill tIl wojrld's water slipp~lies i-xtii before fthe advent of'

nuclear fission ozi 1 6 Jull) 1945. Thlis l(vel was about its sliovit ill Table 31.

Tabld 3. N'atuLrally O ccurrinig Radioactivity inl Waler

Sou rce 1Viv(0ctlries/litu(r

Routine Fresh Water 0.1 to I
"Radioactive" Springs 10 to 1000

R~diaciit i eaatr330 (due prinicipally to potassitamn-40)

flowcNver, anyv significant tactical or strategic uise, of' nuclear or thermonutclear
weapons could be expected to result in addilional colntaminationi ol' surf'ace water
Supplies. Theli am oun (itof contamirnination woul d depend oni num ero us fact ors i i n(Itidng:
size and tv p4- of weaUpon, me~-thod of' emiployminent,. wcalliter (on ditionIls, atnd o topography~
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anrd geology of the region. Even a low-yield weapon detonated on or immediately
under tiht surface of the ground may result in heavy contamination in the immediate
area of the target. On the other hand, when detonated at heights exceeding the fire-
ball radius, atomic weapons in the kiloton range do jnot heavily contaminate the target
area. So-called "dirty" weapons in the megaton range have the capability of heavily

, contaminating large areas.

An important consideration in tihe water contamination problem is the fate
of fission products and other radioactive contaminants that have fallen to the earth.

Research indicates that 99 percent of alpha-emitting substances (i.e., uranium
and plutonium) deposited on the ground will be retained, whereas 50 to 90 percent
of bcta-cmitting substances will be removed in surface runoff.' Thus, retention of alpha
activity in the ground is reasonably sure, while that of beta contamination is not.
Ilowever, of the beta activily reaching the surface drainage system, a relatively sma.l
amount will be dissolved in the water, the larger fraction being present as suspended
solids. Much of the suspended contaminant will be associated with clay a.,d oilier
materials having some ion exchange or adsorptive capacity. However, some of the
contaminant may exist in colloidal form. The importance of the radioactivity in solu-
ti,,o.i must be evaluated in terms of the amount present, its age (time since detonation),
length of time it will be consumed, and acceptable limits of human tolerance. It appears
reasonable to assume that water will not be used in or from an area that is so contami-
nathd that the direct radiation level precludes the employment of perscinel in the area.

Certainly ara important factor in water contaminant considerations is the
solubility of fallout in water. Some basic informatioji on water solubility is shown in
'Table 4. It is interesting to note that, in many instances, the - 'ution of the radioactive
componfnlt of fallout and bomb debris takes place quickly. 2tpparently there is a sur.
face coa ing of radioactivity on the particles which dissolves rapidly, essentially inde-
peindent of pli. temperature, and time of contact. The radioactive material on the inside
of the particle is much less soluble, or not soluble at all, due to encapsulation by inert
fused earth.

In regard to induced activity, and illustrative of what might be expected, some
data were obtained on 11 May' 1951 under Operation Buster, Shot Easy (air drop, 31 Lt,
"1314 feet high), A sample of seawater contained in a tin ca,, was placed 500 feet from
ground zero. After the detonation, radioactivity of the water was found to be 4.3 x 10'
picocuries per liter, aii appreciable level of radioactivity. The level was due principally to
sodium-24 induced from ibe large amount of sodium.23 in seawater.

S.lma., R. Oirom, MAJ. MSC,P otuon of atabk Water During Employment ofNuct,=r Weapons, Department
of Prv vtnIive Medicine, Army Medical Service School, M709.1.1, January 1959.
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As a sidelight, it is interesting to note that a standard 3000-gallon Army field
%vate-r storage tank constructed of Gl{S-eoatcd nylon fabric was filled with water and
expIosedl to the blast from Shot Easy. Surprisingly, the tauk was still standing after the
blast. The side of the tank facing ground zero was blistered, and a few straws and twigs
were actua~ll dIriven through the sidewall. Nevertheless, the tank still held most oIf the
original water.

Additional research on the possibl.e contamnination of water with radioactive
fallen t and bomb debris was cond~ucted undcr Project Snowball. Open tanks of water
were exposed to a 500-toxi TNT explosion 2 at varying distances from grouind zero. The

"r-ts wtr contamination occurred in a 1500-gallon tank at 23.0 psi, where the tur-
bidity rose from 0.9 to 260 units. The. tank also lost half of its water volume, leaving

J" only about 750 gallons. Th'e figure of 260 units was obtained by measuring a samplec of
the supernatant liquid '-%en from the tank, without stirring, at Z plus 25 minutes (the
turbidity would have been much higher had the bottom residue been stirred before

sa~~ig). The rise in the level of turbidity to 260 units canbeudtosim eth
pos5siblel level of radlioactive concentration if the dletonation had been nuclear. In the
aetual case of' fission products, it shiould Le noted that they do not spjread evenly but
form a circular or cigar-shaped plat tern around around zero with the hecaviest deposition
clo se to a)round04 zero and (Iim in ishi n at farther di stances out. The exact sliapo' and( size

of thew fallou Lt pattern depe nds on m an ,v con di tionIs. hut usulaIlly t lie heighit of buinrst,

with parict~uIlar reference as to whether or siot the fireball touches thle ground, and the
Wind are the major controllinig factors. Surface bursts givi' smaller but more highly
radlioactive pat terns than air bursts.

%VC 'Irate, let ailed fall out pat tern inftormnati on fromi th do et onat ion of nuclear
hlv~ici . lpartiv'ldarhN the detonation of' large inuclear devices, is (lul~e limited in its avail-
ahilit%~. Thl(,ie uwaton ranget in formation originating at the Eniwetok Proving (~rounids
m ust 1w infterred Itr on re'lati ve'ly 6' w, samtples taken over the oceani. Furthermo re. lIhv1

presc'iwe of w'awatcr in 11wv fallout affects the results. Nuclear tests at the Nettada Test
Site hawe been confinedl to vii'lds of 100 kt anul less, an(l the results have been inftluenved
Iby, suich fac'tors it., tine 1ui'u'-'uiý'e (It'lowers. I lowever. some idea ot an actual fallout
patterni vanI be oitajiciid Irini the TUR'lK shot' at tfi' Nevada Test Site. Tl'lw TURIK shot
wi''Y "ftolialv'I with a N 'III of' 43 kt on 7 Nlar'hi 19)55 fromn a 5OC-foot towecr. The fallout
pat ternl Iro~in this shot %%as w~r\ irregular. nlot at all k pical oh the itlcalizvd cigar-like

patternis. Al 12 hours alter Ihetonationh. the (lost-' rate ii1 tke (hiri'etion f'I it h hva~ jet f'all-

Thlisi Wasi~ Ow14 larIZ4's' deik'j l,4'r4 . man1h-madei4. 5Iurfave4. I(111111('I'alr Shot) ofi Al lila. it isiwvrcr m, itiraI) .'fli~are (Iim
4hioI with other lammn ui'tlonaliuris. st'' 'Table 5.

I S. D cpiartrl.i'Il oII iIn and I .S. Atom1;ic' I'.ierv, I Comrn1,.i-io. 'The l~f'fvris 4 N.aL14'r Wejfwpon. Rvti'~st'-
I':Ailimi. reipinilil F H'hmair% 1964-1. unIJJl(,itid G 4144114. ' dit 4 r: for alf, In 014i' SUI(x'rink-nd'41 t'I o (f Doi)44'11fl44
I S. ;,l'rhnmerl I'rintifing ((his' ,I aIA nglorl 25 D.C.. P'rice' $3.001 Ojawr tnouid~).

19



Table 5. Significant High Explosive and Nuclear Detonations

Calculated Distance
from Ground Zero

Location Explosive Weight if Surface Burst; Remarks
Detonatecd Detonated 1, psi Overpremure

(yield) (feet)

Climax, Colorado HE 208 tons 750 Mining,

Suffield, Canada TNT 500 tons 984 Operation SNOWBALL
(measured at 9.8 psi)

Ripple Rlock, Canada Nitramex 2H 1400 tons 1,400 Removal of navigational
(Dupont) hazard.

Texar City, Texas Ammonium 2300 tons 1,300 Accident; ship explosion.
Nitrate

Heligoland Isand HE 4476 tons - Demiolition, U-boat pens

If iroshima. Japan Nuclear 13 kt "40Wartime.

A lamagordo, Nuclear 19 kt 2,76-01 1.6 July 1945 - start of
New Mexico nuclear age.

Nevada Test Site Nuclear 100 ki 4,700 shot Sedan - largest
continental shot.

Novaya Zemlya (USSR) Nuclear 50 u10 39,000 Largcst shot ever announced.

Table 6. Fal out Intensity (ShA TURK)

- IDose Rate (mnr/hr) D~istance from Ground Zero (ft)

1000) 150,000
100 190,(000

10 360,000
1 400,000

These (lose rates would be several orders of magnitude higher if a large mnegaton weapon
were employed. As notedl previously., the largest single nticletar detonation ever reported
inl the open literature was the Russian shot of A1 October 1961 (58 nit). If this were a
so -cal led "dIirty" weapon (i.e., principally fission), very severe coiltaminlatiotil of thtousands
of square miiles may have resulted.

Although samples ol contaminated soil resulting from heavy fallout are rela-
tively difficult to obttrin, sampFles have beeni obtained upont occasion ill connection with
wate:r dlecuntamninatio~n studies. For example, a sample of' surface soil was obtained from
thie LITTLE FELLEIR I nuclear event. T1his detonation occurred on 17 July 1962 at the
Nevada Trest Site. The sample was taken 2 cdays after detonation at the I 0-r/hir line and
anialyzed a week later when it mneasurcd 45 mcnirocurics per gram. A specific activity of

45 miucrocuries per grain tin slated intol a water contamination of 259 turbidity units

20



(260 to 0.9) gives a figure of 11,700,000 picocurics Fwr liter. Of her pertinent water
level contaminations are shown in Table 7. All of tlhse wLters would require decon-
tainination before use.

Table 7. Calculated Radiological Water Contamination

Turbidity Calculated
Tank Overpressure (units) Contamination

(psi) Before After (picocurivs
Shot Shot per liter)

1500-Gallon 23.0 0.9 260 11,700,000
Upright Cylinder

36-Gallon Lyster 9.8 1.8 135 6,000,000
Bag (behind berm)

1500-Gallon 9.8 0.7 36 1,600,000
Upright Cylinder
(behind berm)

36-Gallon Lyster 9.8 1.5 14 560,000
Bag

1500-Gallon 9.8 0.7 10 420,000
Upright Cylinder

In view of the contamination that can occur to water stored in rubberized-
fabric, upright cylinders, consideration should be given to the utilization of the pillow
tank which provides very good protection from contamination. The pillow tank also
has other advantages; it is lighter in weight and takes less volume in shipping. Basically,
it is simpler in construction and has few appurtenances. It is easier and faster to erect
and install. Its silhouette is lower and it is therefore less subject to damage from flying
debris. However, on the debit side, the present pillow tank is difficult to drain com-
pletely, is almost impossible to clean thoroughly on the inside, and cannot be used
effectively for purposes other than water storage (e.g., for chemical pretreatment).
In addition, the water in a pillow tank cannot be observed conveniently.

II. RADIOLOGICAL WARFARE DETERMINATION

t la,'•r crians"allAS %;iI-lI{EAUl U VI... l " 11611 tlai Ule, /tgO dig/UtvvUiuden e arjrw•arS 'to Ind~-1

cate that ingestion of any quantity of radioactive materials is harmful. However, com-
plete abstinence is not possible since small amounts of radioactivity exist everywhere.
The answer is to establish realistic standards, "tolerances," or NIPCs to control the
amount of radioactive substances taken into the body via drinking water.
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i)uring nornial peacetinw, the 1U.S. Army abidhs by so-calhld "eWacetime. stand-
ards." T'he American Water Works *.ssoviation rveommenvds the following: 4

(;ross Mta Activity - 100 picovuries per liter (in the known absence of
stro| lium-90 and alpha emitters)

Alpha -\'ivi;-, 0.5 picocuries pir liter or 5 picocurics per litc'r
(when radium-226 is less than 0.5 picocurics per liter)

In addiion to "peal' timei" considerations, the U.S. Army is directly con-
cern'd wilh energezicy levels of radioactivity in water. At oni' time Nhe Arm)' consid-
,red using the Civil Defense eimergency figures, which are stated in Table P.

Table 8. Civil v)efen.ii Maximum Permissible Concentration

Ac-ptable lieta-(,anma Activity

Estimated Consumption Period Picocuries/liter

10 (lays 90,000,000
30 days 30,000,000)

NOTE: Thcst values are applicable only dilring the month immediately following a
nuclear detonation.

Acceptable Alpha Activity

Estimated Consumption Period Picocuries/liter

10 (lays 5,000,000
30 days 1,700,000

NOTE: These values are not limited to the month immediately following a nuclear
detonation, but apply to any 10- or 30-day period.

1e1' earliest direct guidance as to MPC for Army field water supplies was given
by the Surgeon (;cneral on 18 August 1958; and is quoted directly as follows:

BeIta-gamma radioactivity in treated drinking water should not exceed
3.0 x 10' microcuries per milliliter, provided the distribution of fission products
is in accord with normal decay lpro)cesses. Water of the quality specified may be
eominstintil )bv combat troops dai.y... for a total pelriod of one year. For greater or
lesser periods of cons|m ption the figures may be adjusted proportionally .

4 Flwood L. Bean, Potable Water-Quality ("ais, AWWA Journal, April 1974, p. 221.

5el)vermination of Acceptable Limits of Radioactive Materials Consumed in Water, D F, MEDICEoCl, I a August 1958.
From: TlS(;. To: D)CSLOG, S. It. lays, Major General, The Surgeon Geiriral.
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The figure of )300,000 pieocuries per liter (3 x 10"4 microcuries per milliliter)
was use'd as t[it, product water goal for much of tie field research done on decontanui-
nating water containing radiological materials.

In 1966, a quadripartite radiological water standard was issued, quoted di-
rectly as follows-

Radiological Standards (Gross Fission Products): (a) For short term
consumption, no absolute numerical standard is recommended or con-
sidered necessary. This is based on the conclusion that, if the external ra-
diation hazard permits occupancy of the water point, the water is suitable
for consumplion during occupancy not exceeding the one-week period.
(b) For long term consumption, available information does not permit the
establishment of a practical standard.6

For the record another MPC approach was taken by Morgan and Straub.'
Morgan and Straub recognized that fresh fission products are much less hazardous than
old fission products, microcurie for microcuric. Therefore, they established an MPC
that is a function of time. The older the fission product mixture, the lower is the MPC.
Morgan and Straub also recognized the logic in establishing the rate at which the MPC
decreases as the same rate at which fission products decay; i.e., the "1.2 law." Accord-
ingly, they established the following MPC equation for the emergency drinking of water
following a nuclear explosion:

NMPC :106 t"1 "2

where:

MPC = Maximum lernmissiblv concentration in picocuries per liter.
t = Time after detonation in days.

The above equation applies only to the time interval from 30 minutes to 3 years follow-
ing detonation. The complete MPC curve is plolted in Figure 8. Only the straight por-
tion of the curve conforms to the equation. The MPC value at low time periods after
detonation (under 15 minutes) is set at 10' picocuries per liter. The MPC value at long
time periods after (detonation (over 10i days) is set at 10 picocuries per liter.

6 Title of Agreement, Minimum Potability Standards for Field Water Supply, SOLOG Agreement 125; United States.

United Kingdom, Canadian, Australian Armies, 9 September 1966, p. 6.

7 K. Z. Morgan and C. P. Straub, External and Internal Exposure to IonizingRadiation and Maximum Permiusible
Concentration (IPC) of Radioactive Contamination in Air and Water Following an Atomic Explosion, Oak Ridge
National Laboratory. Speech presented at a meeting of the Southeastern Section of the American Physical So-
ciety in Raleigh, North Carolina, April 10, 11, and 12, 1952.
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Effective 19 May 1972, Quadripartite Standardization Agreement-245
(QSTAG-245) established the following RW MPC policy:

For short term consumption (one through seven days), no absolute maximum
tolerance is recommended or considered necessary. This is based on the conclusion that
if the risk of external radiation is such as to allow the source to be used, then the water
will be suitable for drinking during occupancy not exceeding one week. Water which
has been deliberately contaminated with radioactive substance must, in no case, be used
for consumption. For long term consumption, available information does not permit
the establishment of a practical requiirement.

The latest guidance for MPC is given in TI ME)D 229,8 quoted as follows:

Field suipplies Fixed installations

Constituent Short term Long term 1962 PUS drinking EPA 1975 interim
(less than 7 days) (more than 7 days) water standards primary drinking

water" siandards

RADIOLOGICAL: See Note Same as for fixed
• installations

Gross beta activity - - 1000 pc/l -

Strontium 90 - - 10 pc/I -

Radium 226 - - 3 pc/l -

Note: For short term consumption, no absolute numerical standard is recommended or considered necessary. This
is based on the conclusion that if the external radkition hazard permits occupancy of the water point, the
water is suitable for consumption during occupancy not exceeding the one-week period.

7. Detection. Although water quality assessment in the field is the primary
responsibility of the field medical officer, the water supply operator at the Engineer
field water point requires certain basic radiation detection equipment. Specifically,
the operator needs an instrument to measure total activity in water semi-quantita-
tively. The instrument should be simple, quick and easy to use., and reasonably accurate.
Since ii,ost of the water contaminants of sanitary significance are beta emitters, a survey
meter measuring only beta particles would be adequate. Hlowever, as a practical matter,
a beta-gamma survey meter standardized against fission products would be the instru-

nmint of choice. The monitoring operation would be used to check the raw water supply

to determine its relation to the MPC and also the quality of the finished product. Thesc
measurements would establish the basic water purification equipment required, the need
for changes in water treatment procedure, whether supplemental equipment might be
required, or whether the source must be abandoned..

In addition to measuring the contaminants in the water, the operator needs
an instrument capable of determining the level of area contamination. In addition, it

8 DIparlintnt of tire Army Trechnical Bulletin. TI'l ME) 229, "Satnitary Control and Survrillance of Water Supplies

at Fixed arid Field hsallatiows," 29 August 1975.
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is notled that all water deconitainination jirovedlnres concentrate tile rad~ioactive miaterials
ill such deviwes as sinilge collecitors. filter lbeds, ion exliaiige columnis, et~c. vwq.s4 "hiot

spos,"or one of a(Ii~tN.tihldiip, mulst lIe inotiltoreil to) protect thev operator from
o~vr-tv(pisiirc. It would be desirablr f'or one m~ereto Inevoiuoilil aill Ifie.~.< jI~jvCtive-.

lit regard toi mnitoiriing radioac'tive muaferials inl water, it must hel nioted that
we ar~e deaflii %s ithi smnall qulaiitiiies of' mattler. Thuis point is hircuight oul in TFable 9,
%dfich m'xiuvsss the coceniiitrationi of' four si-ificiajiut radhioisotopes inl mlilligrams per
liter atl tlie \IPC lr~ei. It is, olisvr~cd that lit-e niiiiIS (lucevi~rafiion is its low as 1.1 I-)X 1()-13

ilitgriuiis pci1 liter (inl ilhe case, of' sodioiiu-2t). Ili coinsideraition of' thevse low Nalimes of
Masus co01iceuitratiiizi. it is ob louis lhal ",%el cihuimistr% "' muutiwlos of deterinination arc
out1 oli tIn llv ust ionu. licsort iuuuist lit- iiulaih to rad n ologival inethods. 'Ill(e acciiracy o)1

iaildioilical~i umiethods is rviiuarkahule. It is riumingii'd Ihulut a single beta vlolilt oill a beta-

"galiuuila 5iill.\c\ nictlu ITI~resclits Owi del-a.( a sjigl"i alitin1w

Tlahhe 9. Hlelatiiiishiip- Itadjoautive Comiccmmtratioim Versuis Mlass Conenmtrationm

(iiruciutratioin

ltailiois(Ilop. ( Cotiuliail~lnlitldu I af-ife 011,C() Expressed as
(pIeui'nries/hiter) Nlilligranis/litcr*

l'Iulolliliuuu-23 4) 2. t 1 10'~ \r 3 ].4 )1-8

(:sijiuuu- 13 7 30).2 r 1000 1.16 x 1()- 8

Stu-oulitiumi-9() 211.J r 11) 7.211 x 1 0-

Sodi It iii-2l I_0Ii (O 1.15 xll 10001.13

.\ 111 511iiioi rc t
iwi hasrhce dc~clopvd fiii filch water moiitiuioring, using it

slaumduud 11uihitar\ biita-gaumilIiia seruiceincmuetr. \coriniil) to this rinefhiod. tic prob of
lIilt-ucleir is; protected k~l :I iuuldwi shiaflh and uuiiti'h1into) lic water inl a storage tank,
or 111i Il il-c i Iiii ito I lAa In. Tmiu 1v111(- (I-itc r I 1,r iszI ithnm taken. Tlii rvad i uill Iin l wih-

"rii it.'us peor litiur is piropoirtionalcu lo' th ic c euoilrllioui of iachioaitne mat~ierial iuu the

%%ailer ill piciioriiiin' pier l~it amll( gi es ai st iaght I iulc onI bi-log papur. 'I'll( i a ter inl (the

lanuk. beitig pricliI ill ioumsiihrabil hulk11. 'lhil-lds out most c\traluciic,i mrmdiatiomi. MlIN-
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"Tlhe pro•edure to b10, ucd is as follows:

a. I ovei,¢ the lRadianinethr fro fli the •arrN iug cast.

b. Turn dli, rane swit•eh to BATT. C()NDI. 'te mehter should read to the
right of1 the halfwa% minark indi'aft4.d o•l meter. Ii not. r tplael ba twries.

4'. (over th'l entire probe ass.mibl, with a hiun wall rubber glove or other

thin rubber sheath.

d. In•ert prteheted probte inlto water to bei measured (raw water, product
water, or et'ctlentralted waste). If possi•hb. in.srt probe into a bulk of water, at arm's

length, in order to mninitniz' tle hpossibility of reecording e[xtraucous radiation.

1'. R~ead mneter inu milliroenltge'zs wt'r hour.

f. Refer to eon version 'hart to ewi vvrt frorn milliroint[gens per hour to

pieocuries per iiier.

Figure I0 shows a coimmnercial instrumen t in use on a con taminated pond.
Fioture 11 shows the same- nommercial unit in use on water in a tank. Figure 12 shows
the PIDRl(/27J in us" on contaminatedl water contained in a drum.

Sonic data in regard to this mneth od of' field monitoring were obtained at the
Nevada Test Site under Operation Stiunbam. These data are presented in Table 10 and
l1. The data shown in Table 11, beta shield closed, are plotted in Figure 13. It is secn
frozm Figure 13 that the meter was uu'ar the limit of sensitivity at the tentative NlPC value

of :300.0()0 picocuries per liter for l-year eonsurnption (used at that time). Hlowevcr.
.inve prprtional adjustm•nemu. were permitted in MPC for greater or lesser periods of

co nstumption, a 2-week consumption MINP_ for instanlel, at 8.000,00) picocurics per

liter was readily determinrable.

It is noted that the field wafer radiological detection miethod was developed

with the .,N/PD R1-27J metter. I lowever, it is believed that it also would be operational
wilh the AN/D)R-2I.71. ,XN/PI)b-27P, AN/PI)R-27Q. n(] tihe AN/PDIR-27R meters.
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Table 10. Monitoring Radioactively Contaminated Water with
I N- 141/PD R-27J Survey Meter

PROCEDURE: I. Add 1,000, 100, 1, and 0.1-gin of bomb debris (13 (lays old,
specific activity 22 tc/gm) to each of four 20-gallon plastic
drunis containing 50 liters of tap water.

2. Agitate.

3. Leave bela shield of IM-141/PDR-27J Radiaerneter intact and
cover the entire probe assembly with a surgeon's rubber glove.
Wrap and tape the loose fingers of the glove around the probe
to give a neat appearance. Insert sheathed probe vertically into
water. Take reading in milliroentgens per hour.

Time after Detonation IM- 141/PI)R-27J Reading Concentration of Radioactivity
(davs) (mr/hr) (pc/I)

13 0.2 440,000
13 1.0 4,400,000
13 15 44,000,000
13 72 440,000,000

17 0.15 320,000
17 0.6 3,200,000
17 9 32,000,000
17 40 320,000,000

Table 11. Monitoring Radioactively Contaminated Water with
NIM-141/PI)R-27J and CI)V-700 Survey Meters

PROCEDURE: 1. Add 1.3, 4.2, 12.6, 42, 126, and 416 gm of nuclear shot soil
(specific activity 11 c/gm) to each of six 20-gallon plastic
drums containing 50 liters of tap water.

2. Agitate.

3. Take reading with meters as indicated.

IM-. 141/PI)R-27J Meter CDV-700
Surgeon's (;love Rubber Sheath Rubber Sheath
Around Probe on Each Probe on Probe

Tank Concentration of Assembly. Beta (Separated) Beta Shield
Radioactivity Shiehl Closed Beta Shield Open Open

(lie/I) (mr/hr) (Or/lhr) (mr/hr)

1 290,000 0.10 0.14 0.13
2 920,000 0.23 0.23 OJ8
3 2,800,000 0.55 0.65 0.45
4 9,200.000 1.65 1.85 1.60
5 28,000,000 4.8 6.0 4.7
6 92,000,000 14.5 19.0 18.0

NOTE: General area background 0.07 mr/hr.
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Figure 10. Monitoring raw water supply with commercial beta-gamma survey meter.
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111. WATER DECONTAMINATION

ARISTON MED HYDOR
(Good water is the best of all)
Pindar The Greek, 2000 BC

8. ERDLator Unit. The current, standard U.S. Army Mobile Water Purification
Units (ERDLator Units) were designed subsequent to World War II to provide an answer
to the projected water supply needs of the modern mobile field Army. The equipment
is produced in several sizes varying in capacity from 420 gallons per hour (gph) to 3000
gph. Figure 14 is a photograph of a 420-gph unit being transported on an Army Mule.
Figure 15 is a photograph of a truck-mounted 3000-gph unit in operation on Accotink
Creek, Virginia. For illustrative purposes, reference is made to the Truck-Mounted
Water Purification Unit, 1 500 gph, typical of the general line. In essence, the unit is a
water ,.urification plant on wheels. Three basic processes take place in the unit: coagu.
lation, disinfection, and filtration. Two major pieces of equipment are involved: the
ERDLator (a conical-shaped solids contact clarifier) and a pressure diatomitc filter.

Coagulation takes place in the ERDLator, and the coagulated eflient from the ERDL-
aLor is filtered through the diatomite filtei !),, tkes place -oncurrently with
coagulation, and a positive chlorim residual of 5 milligrams per liter is carried through
into the final filtrate. The rest of the equipment is essentially supporting in nature
(i.e., plumbing, feeders, etc.).

The largest component, which determines the water production rate of the
tunit, is the coagulation basini, which will now be described in greater detail (see Figure 16).
The raw water enters the unit through an aeration assembly, the purpose of which is to
release supersaturated air and gases which might cause difficulty by later release, with
resultiig fEoating floc. The aerated water spills in a thin sheet into a mixing compartment
where ferric chloride solution, limestone suspension, and calcium hypochlorite solution
arc added concurrently at a controlled rate. The water, plus developing floc, pass down
through a central downeomer. The central downcomner is equipped with an agitating
1,hicc comprising flat metal disks mrounted on a central hollow shaft rotatiag at a rela-
tively high speed, imparting a maximum peripheral velocity of 24 feet p1r second. The
agitation provides additional aeration and promotes separation of solids from attached
gass. Air, whiirl, may be separated during mixing, is vented through holes in the disks
near Ow hIndt or through the perforated hollow s..lisht. R ..oa n '.... t wt lai ... 1t-

downcoiner iý; reversed by the fins at the bottom of the EI{DLator, andt the waler then

pro(cceds upward with a counter-revulving motion through a contact andi separation
zone. The separation of floc from clear water occurs in the section of maximum arca or
at a minimum upward flow of 1.14 gpm per square foot. With cold water (or water
temperatures less than 40'F) this ri.,A velocity gencraily is reduced to 1.01 gpm per

square foot The upward rcvolving action, which is at a greatly reduced rate of 3 to 10
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. Figure 12. Monitoring water in a drum with 1M-141/PDR-27J Radiacmeter.
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feel per mtinutte, prevei'nts short-vircuitin.1i atid pro)motes eflftlive contact betweetn Ihc
% ater. r rit ii'als. (lviv h luing fhloc, and p reviosulh i'tr d Hoc(. The uppe cr part of the
ctontact and separation zo)ne0 is charac'terize i bN a well-dne fined hIorizontal planrre below
whi(ch is a h('avy con(c'ntratiotr o'l orange-'olored iron ivdruoxid, andI albove which is

clear eoagulah(.d water coiilaining oiylv 0.5 1) 2.0 turbidity units. The residence time
in Ilic unit is about 2) minuttes. Tliv clear coauLulated water is dischiargid over a weir
and pumiped to the dialomitr, filter. Control of ite slurry level in thet clarification zone
is accomplished by (coilintious withdrawal of a small amonlt of floc fromt the uipper
ptortion of' the slurry pool). The' utnil is (lesigi('d to hydraltIically keep all slurry in surs-
peiinsion with sludge concentration or s.ehdimenetation occurring only in a small external
coricent trator.

The primary enoaiulant of colice i., ferric chloride. Ferric chloride has certain
advantages. (if im)portanrce to the Army . tivvr othfer conventional coagudlarts. Ferric
chloride is effec'live over a wide range otf pil. readilv solitlde in water (dissolves rapidly
in even cold water), stablic (has a long shelf life), and lihara'ctrizerd ljy a high degrec of

coagulating power per unit of wveight.

The coagtlant aid. pulv(rizvd limrestone., has the follhwing roles to play: adds
alkalinity to raw water with depressed phl, raising the I 1 to near 7, and as a (lispe-rsed
powd(tered material, bt-corries erneshed with h(ih forming riloc and he ids weight to the
floc, particles.

The calcium hypochlorite disiifects the raw% water and also assists as a coagu-
lain aid in eff-ctive floe forimation.

It is noted that a fourth chemical, a'tivated carbon, is sonictimes added to)
c(onitrol excessive tastes and odors.

Although 1lh. exact thosages of Ili four chemicals itivded are dependent
riupon dih, specii ti iaature of th[ raw water in question, the following lable sliows te
usual order.of-rnagnihttde for average anrd tv pical waters:

Ch(imical Parts per Million (ppm)

Ferric Chloride 25--75

Liimnstotic 50-150
Calcium I lypochlorite (70 percecri ) 8- 12
Activated Carbion 2-10

In regard to tire diatomite filter, the coagulated water passes throtugh the

filter cake to the interior of each filter clenrnn. Thre filtrale collects in thie bottom of
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the filter and is carried to the clear well for distribution. The continuous addition of
filter aid to the cake (body feed) results in a slow pressure rise and longer filter cycles.
Eventually, however, the cake must be replaced. Removal of the old cake is accomplished
by using the impounded air in the upper portion of the filter on the air bump principle;
i.e., a quick reduction of the external pressure to literally blast the cake from the exter-
nal face of the elements. The expended filter aid is washed to waste. By a reversal of
the process, a new cake is precoated and a new cycle of filtering begun. The proper
time for backwashing is arbitrarily established.

The purpose of the entire process is six-fold: clarification, removal of micro-
organisms, removal of tastes, removal of odors, removal of toxic materials, and removal
of color. Accomplishment of these six objectives is imperative if the finished water is
to be used for diinking, cooking, and dehydrated-food-reconstitution purposes. The
objectives are also highly desirable if the water were to be used for laundry or bathing
purposes.

The removal of turbidity is important since turbidity can cause digestive dis-
turbances. It can also harbor dangerous germs or radioactive substances. Finally, it

detracts materially from the appearance and palatability. The removal of tastes and
odors is important from the standpoint of making the water appealing to the senses.
The removal of microorganisms is imperative in order to prevent the contraction of

disease b~y ingestion.

The removal of toxic substances is obviously of major importance and will

remain the subject of much continued study. Such toxic substances could include the
heavy metals, insecticides, fire fighting chemicals, rocket fuels, POL products, and
other military chemicals. They could also include decaying animal matter and industrial
pollutants.

The effectiveness of the ERDLator units in removing radioactive contami-
nants from water is dependent on two primary factors: first, whether the contaminant
is present in the form of turbidity or in the form of true soluton, and second, exactly
which radioisotope or radioisotopes are present.

As mentioned previously, coagulation and filtration is the normal treatment
"given to raw surface waters and is the process inherent in the ERDLator Units. Re-

mL;ss is,,I I I&gI L IIi- g; ore, i radioactive substasmces art presenti

the form of turbidity, the removal is essentially complete.

A much grTater problem is encountered when the radioactive contaminant
is in trt' solution. The removal in this instance is depenldent upon the exact radio-
isotope preIInt. in general, dissolved radioisotopes are difficult to remove from water
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Figure 17. Decontamination of radioactively contaminated water by slurrying with clay.
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rr
by coagulation and fill-ation. There are certain exceptions. Yttrium, for example, is
readily adsorbed on surfaces aiid is renmnod from water in high percentage by coagula-
lion. On the other hand, strontiutm-90 and cesium-137, two dangerous radioactive
materials of fission product origin, are difficult to remove, even in small percentages,
by coagulation and filtration. Although it is not generally recommended for field use,
disolved radioisotopes ('an be removed from water in fairly high percentages by pre-
treating the contaminated water with a selected material having adsorptive and ion
exchange capacity. An excellent material of choice is clay, preferably of thi. tmoril-
louite type. The water is slurried with 10 00 -ppm clay for 30 minutes or more. 'i iie
water is then settled, coagulated, clarified, and filtered. Figure 17 shows what can be
expected of clay under equilibrium conditions with selected radioisotopes and a mixed

* fission product contaminant containing 41 percent trivalent rare earths, 27 percent
cerium, and 17 percent strontium. The curves were obtained after 90 minutes contact
time in Oak Ridge tap water with a kaolinite-montmorillonite clay.

Table 12 shows summary data obtained at the Oak Ridge National Labora-
tory with an 1800.gph prototype ERDLator Unit and an experimental Ion Exchange
Unit in use for decontaminating water contaminated with 2-month-old, reactor-produced
fission products. It is observed that the presence of clay appreciably improved the re-
nmoval of radioactivity by coagulation and filtration. The use of ion exchange following
filtration improved the overall removal by an order of magnitude.

Table 12. Removal of 2-Month-Old, Reactor-Produced Fission Products
from Water at Oak Ridge National Laboratory by Prototype ERDLator Unit

(1800.gph) and Experimental Ion Exchange Unit

Run Process Percent Removal

1 Pretreatment with clay and coagulation. 91.2
2 Pretreatment with clay, coagulation, and filtration. 92.8
3 Coagulation. 80.2
4 Coagulation and filtration. 83,9
5 Coagulation, filtration, and cation exchange (Na cycle). 99.4

Table 13 shows summary data obtained at the AEC Nevada Test Site with the

standard ERDLator Unit, !500-gph truck-mounted, and the 1500-gph prototype mobile
Ion Exchange Unit in use for decontaminating water contaminated with radioactive sub-
stances. The data indicate the following:

a. Nuclear bomb debris from a silicious soil, being essentially insoluble in
water, is easily removed by coagulation and filtration.
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lb. Strontiun-90 and eesinn- 137-barium-i 37, lsirg water soluble an d re:;is-
tant to adsorption, are ineffectively removed from water by coagulation and filtration.

c. Yttrium-90, water soluble but readily adsorbable, is effectively removed
from water by coagulation and filtration.

Table 14 shows summary data obtained at the Los Alamnos Scientific Labora-
tory with the standard ERDLator unit, 1500-gph, truck-mounted, for decontaminating
water contaminated with plutonium-239.

Table 14. Removal of Plutonium-239 from Water at Los Alamos Scientific

Laboratory by the Standard ERDILator Unit (1500-gph)

Run Process Percent Removal

I Coagulation and filtration 72

2 Activated carbon, coagulation, and filtration 89

3 Clay plus caustic soda to pll 11.4, coagulation, and filtration 97.5

9. Distillation Unit.

"Uater water everywhere, nor any drop to drink."

Rh) me of the Ancient Mariner
Samuel Taylor Coleridge

It is interesting to note that 75% of the earth's surface is covered with sva
water; unfortunately, unfit to drink, as noted by the Ancient Mariner. Sea water con-
tains approximately 35,000 ppm of total dissolved solids. If ingested, it dehydrates the.
human body, and thus the drinker is worse off than drinking no water at all.

In order to cope with sea water, the U.S. Army) maintains as standard a skid-
mounted vapor compression distillation plant mounted on a 2'A-ton two-wheel trailhr.
The plant is desigoed to produce potable water (distillate) from seawater at a rate of
150 gph. The key components of the plant are trailhr; 4-cylinder, 4-stroke, liquid-
cooled gasoline engine: aluminum evaporator-conden ser; vapor complressor; watcr
pumps; heat exchanger; cngine water cooler; exhaust gas cooler; engine lubricating
oil cooler; acid pot; and feedwater strainer. Figurc 18 is a flow chart of the process.
Figure 19 is a photograph of the unit.

The use of distillation for the decontamination of radioactively contaminated
water is predicated upon the same principle used to produce potable water from sea-
water; namely, boiling the water and condensing the steam and leavinmg the nonvolatile
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contaminants in thc concentrate or blowdown. In the case, of radioactively containinat-
ed water, the contaminant is radioactive ions, while in normal seawater distillation the
material to be removed is sodium chloride and other dissolved salts. Of interest is the
fact that the concentration of radioactive materials in the expected] order of magnitude
of contamination is appreciably lower than the concentration of salt in seawater; i.e.,
radioisotopes are usu.Aly pirest-rt in conccnirations much less than 1 ppin, whereas the
salts in? seawater, as noted, are present in the neighborhood oi'35,000 ppm.

A standard 60.gph Vapor Compression Distillation Unit was evaluated at thc
Oak Ridge National Laboratory for decontaminating water containing radioactive mate-
rials. The results are shown in Table 15. The results show that vapor compression dis-
tillation is a very effective meihod of decontaminating radioactively contaminated water.
It is considered significant that practically no difficzalty was experienced because. ofv~ola-
tility of the contaminants. Even with potentially volatile iodine-131 (if present inl the
elemental state) as the sole contaminant, a 99.96 percent removal was obt~ined. Other
radioactive materials cliaractefi'zed by Somne volatility, Suich as xenon, krypton, and rui-
thenium, and presurnably present in the fission product mixtures, eaused nlu (JiffiCu1.1)

'Pabic 15. Radiological Warfare Wý.ter Decontamination
U.S. Army Vapor Compression Distillation Unit

(Oak Ridge National Laboratory)

Picocuries per Liter

Colltamin anlt Fc-edwater D~istil late Perei~lew Rrnoval

Fission Products (2-weck) 44,000,000 8,900 99.913

Fission Products (3-year) 9,900,00o~ 2,400 99.98

Iodine. 131 27.000,000 :39,000 99.96

P'rotactiniu m-233 19~,000j)000 8,000 99.96

10. Field Expedient. Equipment for p'roviding ivaler for the inzdiv'idual or sqild
is intended primarily for emrerguency treatment of raw freshi water supplies wheln It is

impossible to obtain wa-ter from Corps of Enlgineers water prodluctionl [imits. hi raw
water sources are contarninaieil with Clii agý-nts, however, the first alternative is to
attempt to find an uncon taimniatedI sonice. Thiis may' be diffcult ;- vivvv of certain nifi -
tary situations, especially where large .ýieas may be con taminated. In this casoe. conf-.niii-
nated water mnust be! subjected to decontlaininati onl rocedures.

As normal practice, raw watev from a fre-sh water source is disizifecied in t li
service can teen with a Clobaliiie tablet. In the event of CBRl con tainiization, -at extra
(lose could be uised, antu Some chemical agents would bxe partially det(Jxilje(I b) tids
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procedure. Most biiologic-al agents could bte killed, although those protected by turbid-
ity and those resistant to disinfection might niot. The additional oxidizing power as a
result of the extra dosage would have to be given consideration, however, as no means

Y are now provided to accomplish a deiudificatiori step, Too much oxidizing agent would
render the water uinfit to drink due to excessive tv, iv and odor. The Globaline-canteen
proceduire would lbe of n10 Value in removing radiologrical material from water.

Sustained boiling of water by the. individual soldier would kill all micro-
organisms but would probably be of, little value in removing or destroying chemical
agents and of no value in destroying radiological agents in water. In fact, boiling could
actually comtentratv radiological agents in water.

Water Purification Unit, I land-Operated. Knapsack-Pack, Filter-Pad-Type,

1/ gpi (Set No. I) is a dircct-fittration dcvi,_ý consisting essentially oif a liand-ope rated
diaphragmn p)ump in combination with a housing used to support two cellulo.-ý- filter
piads. This device would be of limited value in removing chemical agýents from water.
it woulId tic re ason ablly e fft-cii iA in rein ovintg in ost mnicroiorganismls from water, especially
when u., it with ý oba line dIi sinfeetijon tabletIs. 'l'l iC lviC ccwo 11 be e-ffectiveC in remocv-
ing s iisieinled radlioactive lIarticles hiorn water but would be ineffective for removinig
dissolx ed radioactive materials.

lBean se of .wiiv! 2 eq iaci-s of existing equi mici t and proced ares - a uiinver-

;al niultipuarpose niet hod was developed for the individual or squad to decontaminate

water c-ontaininig C111 agents. 'I'le method utilizes exsigc emials and equipment,
%vi ll the ýXcv -ptiot ot th e in i~ bc Iled de mineral iziatio(n coldurn i, whtich would have to be
pro( 1ti separatt-v 'u ~ i sflos

a. Pot 36 gallons -ontainiiiated %vater in L% ster liag.

l). \(I! '!0 grrain. 70-pert-vLt strengtrh calciumnh Iivoclilorite (100 ppmn axail-
able -hlorine), stii . and let stand f'or 12,hour. DvesroN s -ageits. V-ageits. Hlood gases.

and B1%-a-enits.

Add\h 82 grmis (60(0 Ippm) acti\ ated carbon. Stir occasioiiall) for Ihour.
Hveimo-s LI.ster gases and ars,-riicals.

d. Adid 7 gra-amoý ,, in. ,1 ,,,.,-i arnd 14 grains I00 1it)pm)l fiiv. sonvu s
aid ie[ settle for houir. lIl~vnios 1itirticuLIle radioaicti.itl -

I.. h'ump stilirmiatant through Set No. I1.

f. l'iiiip , llot th1roughl Inix-(l-lied dliniiiiurilizatioii -oliiiii. Remno,.cs
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soluble radioactivity.

g. Post chlorinate to 5-ppln residual.

Se Figure 20 for photograph of equipment.

The Squad Method of purifying C-BRc-ontaminated water was tried at the

AEC's Nevada Test Site for decontaminating water containing radioactive material.

SBomb debris from a small surface-detonated nuclear shot was used as the contaminant.
The results obtained are shown in Table 16.

Table 16. Squad Method of Purifying Water Contaminated

with Radioactive Material (Bomb l)ebris)

Radiological Data

Sample Radioactivity Concentration
(pc/I)

Raw contaminatcd water 46,000,000
(Soluble portion of raw contaminated water) 4,400,000
After coagulation 3,200,000

(Soluble portion after coagulation) 2,100,000
After filtration 1,900,000
After mixed-bed ion exchange 0

Process Removal

Process Remnaoval

Coagulation 93

Coagulation plus filtration 96 I
Coagulation plus filtration plus mixed-bed ion exchange 100

The method proved to be effective for reducing radioactivity to an undetect-
able level, indicating essen ially complete removal. :Coagulation and filtraiom, removed

96 percent of the activity. Passage of the filtrate through a mixed-bed ion exchange
cartridge removed the remaining 4 percent of activity. Even though 96 percent of the
activity was removed by coagulation and filtration, tIhe remaining 4 percent represented
a soluble radioactivity concentration of 1,900,000 picocuries per liter. The removal of

this soluble activity by a mixed-bed ion exchange resin column demonstrates the useful-
ness of ion exchange resins for removing soluble radioactivity from water.
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The squad method "as also tried on water contaminated with plutonium-239,
where a,, overall removal of greater than 99.9 percent was obtained.

11. Ion Exchange Unit. Ion Exchange Unit, 420-3000 gph is a mobile, self.
contained, field demineralization plant. The equipment assembled in the unit's shelter
consists principally of a cation exchange column and an anion exchange column oper-
ablh in s.ries. The columns are 35 inches ID. Each column contains 21 cu ft of
macroreticular resin, characterized as follows:

Cation Resin Anion Resin
Item (Strongly Acidic) (Weakly Basic)

Min Max Mill Max

Effective size (mm) 0.40 0.55 0.40 0.55
Wet density (lb/cu ft) 46.0 52.0 37.0 42.0
Moisture content (%) 55.0 - 60.0 -
Exchange capacity 4.30 - 4.20 -

(milliequivalents/dry gram)

When saturated, the beds are backwashed and regenerated. Hydrochloric acid
is used for regenerating the cation resin, and sodium carbonate for the anion resin. Auxil-
iary equipment includes electrical control panel, conductivity meter, flow indicator, and
necessary piping and valves for flow control. Support equipment in the field consists of
a 10-kw gasoline-engine-driven generator and three electric-motor-driven pumps. See
Figure 21 for a photograph of the cation and anion columns and the essential piping.

The Ion Exchange Unit is used as a post-treatment apparatus in series with the
"standard ERDLator-type Mobile Water Purification Unit. This point is illustrated in

A, Figures 22 and 23. The Mobile Water Purification Unit is primarily a clarification and

disinfection device wtilizing the processes of coagulation, hypochlorination, and diato-
mite filtration. The contemplated use of the Ion Exchange Unit is in the following areas:

a. Primary use - decontamination of water containing dissolved radioiso-
topes present as a result of nuclear warfare.

b. Demineralization of brackish waters to 1500 ppm total dissolved solids I
7_ I (by blending) for emergency drinking purposes.

c. Softening of hard water (caLion exchanger only on sodium cycle).

d. Desalination of fresh or saline sources to produce a high 1i lity deionized
water for special purpose use such as boiler feedwater, jet aircraft, batteries, photographic
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requiremients.

C. D)ceontaminiation of waters eoiitaiiiing chemical agents.

It is recognized that most of thiv fissioni prodiicts are caitionic in nature. Therc-
forte the cation exchlanger plaN s the dominant role in tIhe remouval of dissolved radioactive
subst aniecs from %ater. TI iv catlion e x eia nacr is more e 1feet ive. oi the hiy drogen cycle
than [1iw sodium c) cdc. As ailustraitiw of the( action of a cation exchanger on the hydro-
S.erm1 CN tce, data are plot ted ini Fi gore 24 fromi a test run conducllieted ali thze Oak Ridge
National Laboratory using mi m-d fission prodlucts as the contlaminant and cation ex-
chianger Amberlitc IRl-I 20. It is iiotted that cationic activ'ity is removed effectively Until

Ieresi -sehutda raki I rough occurs. At th i time it i. i i1pra ti e ili at thet

resin bie rege iliera ted with h ydIrochloric( or othecr acid. TI w q nalit of ~ the 4-ff1uen t canl he
mon it ored byli countinitjg the a Ii vi ty or, if' mo re coni yn ic iII by mnoi torinig the u 11 or
iiardniiss. Brit akthrough of fill, hardnevss, and activity OCCUr at the same time.

Ini addition to this information, it is nioted that further informationi oil the re-
nioval oft radioactive iiiittriiils by ion (-m(Iiange was presented in a joint sujrvey mnadle by
the Oak Hidge National ILaboratorN anid the U.S. Ptiblic Ihealth Service." A summalrylP of
thvir tin dings is shlown in I aide 17

Table I17. R~e moval of In diVi dL al R{a dioniso topes by hIon Exchange Materials
(Report of the Joint Program of StuieIFS Onl the lDecontanuinatioi of'

h -diati " Waters - 010N 1., It kPSEC)

Amnounit of Isotope Rewiloved (% ,) lh'

.Sotope (.atmtnl Exchangec Anlioln lxchialge \hxcl-e (,4t'nG i

185W 12-16 97.2-99.2 98.9) 9
91 11 M-93. 1 94.2-98.5 971.6-98. 7 75
46s,, 95.71-97.2 98.8 - (9.0 9)t.5-98.7 964L
89 Sr 40). 1-99. 8 5- 7 1)9.95-9(;.17 99.11
140 H a- 140 l,,a 9113-99(0 30-42 99.5 -99.6 96.3
137 (:s 99.8 1)99.8

M 5('i 98.5 (0 99.2

9 r 9
1 IN' 1, 58-- 75 96.1 -99.9 90).9-09t.4

U.S. Ptitlici I haitli Service, Reprtv of Ihv Joint P rograml of Siujdii,'son Ih, I),',corgntina liton of Radiku tice lingeri s,

Ihvaltl h ~ D ivijsion i l, ( ak idgr Naljioiijl Laboralorn & R~obert A.T'all Saznitur. Eiighiui-iirig Center. UitNI.
2537. Februa" 1959.
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USANIERI)DC conducted water decontamination studies involving ion ex-
change at the Newtown Test Site of the U.S. Public Hlealth Service on a joint basis. One
study was made oil a seminatural pond deliberately innoculatcd with four radioisotopes,
and the results were presented in the Ilealth Physics Journal.10 Summarized information
is shown in Table 18. It is noted from the results of Table 18, Step I that the cation ex-
chlange process was most effective when challenged by strontium-85, where it removed
99.3 percent. It was least effective for cesium-137, where the removal was zero. The
anion cxcih nge process was most effective in lhe removal of cesium-137, where a re-
mnoval of 62 percent was recorded. The strange behavior of cesium-1 37 in tlis study is
attributed to the theory that cesium-137 is sorbed essentially irreversibly on illite, a pre-
dominant clay in the Cincinnati area. Much of this clay is a very fine colloid, and could
appear as a filterable material in an analytical analysis. In processing, much of this
colloild miglt pass through the coagulation, filtration, and cation exchange processes.
I lowcver, in the high pit etnvironment existing in the anion exchanger, this silicate
would 'arry a strong negative charge and be susceptible to removal by the anionic resin.
Results of a rainwater run are shown in Table 19.

Table N8. Iadioactivit.v Water lv)veontanination Data, IJSAMEI{DC-IISHIIS Joini Project

(Cvsiun-i 37 Cobalt-60 Strontium-n85 Zinc-65
Process Removal (%)

Stvp I - I0 hr - low turbidity

( Coaýglatiox 59 381 5 82
l)iatomite Filtration ( ) 00 0
(Catiot Ex\haWag 0 60I 99.3 50
Aniioni l"x,'hatgr 62 40 33
( )vtrall 84 85 99.6 91

Step 2 -_9 hr high lurbiditih

(:Oagilatiol) 96 78 23 812
i )iatomite Filtration 0( 4 I 0

(-atiori Vxvhange 31 894) 99 94
-* ... nito ll ihanrme 30 -6 25 33

( Iverall 91 99 99.5 99.6

Pertloitll lit formlat 04111

Na1tural water 4ontaining.0 hiota wili .5 montlhs rquilibration.
Ilow rual 25 (;P\I.
Coagulation, 50 plim 1i`-C0, I Wn ppm (AC0, 3 .
Cation exr'hinger, lDuolih C-25 (I,ý drogvr n'•,'h).
A ,niuon e'x'haiLer, IDuoblih' A.3ii(; (ydr-oxide % Orb h).

10 ). l C.[,indAhit, S. K. 1lasnike, '. G;. Irivnd. "IHimoval of adioutaetiw. ContaminanIt. frort a S ni.it.naural Water

Soorr' A ith I .,. A.rm.) ,av r Purifialion EqtiInp i-rnl," i{i(printled from Ifhealth P'hysits. Official Jtournal of ith-
IHealtIhah Phivt, Si.eitvl',, Vol II, pp. 723-729, hIv PERGANMON PRESS (O)xford, Lontdon, New York, Paris),
1965 (l'rinh'd in Northern irvljith).
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Figure 24. Effluent characteristics, Cation Ion Exchange Resin Column (hydrogen cycle) operated
on water contaminated with mixed fission products (Oak Ridge National Laboratory).
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"T'ablr 19, IRadioactive R4ainwater I)econlaiination D)ala,
USAJ%*,\DXC-USI' lIS Joint Project

An Iimonuw'- Ceriumn- I csium- ,NaIganiew.- Ruthenaium. Zirconium-95-

Prove.,, 125 114 137 54 1 (w) Niobium-95
Removal I(%)

Coagulation 64 A4) 83 57 73 76

Diitounile Filtration 0 9 5 4 .44 47

Cation Exchange 63 35 26 96 86 73

Anion Excihage 33 0 0 0 13 25

overall 91 65 88 98.4 98.1 97.5

PertinCnt lnfornmation

Rainwater collected off roofb at Newlown. Ohio.
Flow rate 25 GPII.
Coagulation, 22 ppm Ft: 2I, 57 pilo (Ca(:O3 .
Cation exchanger. Duolile C-25 hvdrogen c 'h).
Anionu exchanger. Duolite A-30G (hYdroxidu cycle).

USAM:ERDC also conducted water decontamination studies involving ion
exchlange on a full-scale basis at tite AEC Nevada Test Site in 1959. The results, using
nuclear bomb debris, stroutium-90-yttrium-90, and cesium-137-barium 137, are shown
in Table 20. It is noted that stronlium-90-yttrium-90 and cesium-137-barium-1 37 were
remnoved effectively by the 'alion exchlanger on the hydrogen cycle.

Table 20. Ion Exchange for l)c:ontarnitiation of Water (nittaining Radioactive Materials

(Nevada T'est Site - 1959)

Cation Exchanger Radioactivity

Contaminant Amberlitt, IR 120 (Picocurics/Litcr) Removal

(,.ycle) Influent Effluent (%)

Fission Products Hydrogen 44,500 7,100 85.J

Strontium-90 876,000 704) ( 90Sr- 90 Y) >4)9.9
Yttriurn-90 25,000 3
Cesiumn-137-Barium-1 37 12,400,000 3,500 >99.9

Strontium-90 Sodium 1, 107,0M) 50,000 95.5

Yttrium-90 " 903,000 229,000 74.6

12. Reverse Osmosis. It is essential that the U.S. field Army be provided with

potable drinking water for culinary, washing, bathing, laundering, and food preparation
purposes. Water treatment equipment currently available in the Army supply system

has the capability of producing potable water from polluted fresh water, sea water, cer-
tain brackish water, and water contaminated with chemical, biological, and radiological
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agents, Purification of all these raw waters requires esseniftially four different processes
ald ILuiL different pieces 4f c'(Lllipilniit. Ili vicw oif this iillh'lrelnt complexity, and ill

pursuit of inproed rnliahility and efiicieiicy , the U.S. Army Las e'stablishLed a require-

illoett 14o devI-hip a single muultipurpose uInit capalli' of producilg potable drinking
water tromin •%haltev er ra%% water source may lie available.

The rev•,rse sismos (1Ito) process Iholds prouii,' of satisfy ing thils rtquireniini -
a iand is the primary approac.h to nieeting the statcd goal. Figure 25 is at artist's 'onc(t tep
tof a silIglI, muilipurpost, unit for liandling all maimcr of surface water.

II () is a ne nibranic pro cess ill which' tihe raw wLat er is pressurized to a value

above the osmnotie pressure. Pure water passes through Iihe membrane, leaving most of
"the sollille sails behind (see Figure 26). At the same time. essentially all piarticuilatv
mnatter, inchlliug nmicr•iorganisnls awl suspended coilloids, is removed.

Passagi (if water Ihro ugh the nLCILhranc is governed by diffusive Iransport
according to tIh' following equati•oi, which relates to 1 uernieate quantity.

5-• I 1" -: K•P(a - Po) (1)

where:

I ProdLiLt (lp'rnili'atL) water flux ill gal/sq It fl o iiiemubraini ara/tdav
Pa -\ppliid pre'ssure ilL psi
Po - OsiLLoti)L lpr'sstLre ill psi

• -K1  Proportionality corlltnt

An xAll I'aLill atioli oif the abote c-quati on ildlica•els that nio product water is produced
"wh t'h applit'Id pre'sil il's 1 less than tlile osioltic pressurt . Above the osmotic V pre s.ure.

- " tthe llori' tihe priess.Ltir., thin moi4 re the water. Seawater, for examnple, has all osmotic
pressure oll 3,50 psi. Thi" flux oltlaiineLd at ,5(5 psi wouil lid bl doluled lby going to 750 psi.

a

Pe'rili'atv quLlily is goInl'liId hNv tin' folhlwiiu:

-. S - k- (Cr - Cp) (2)

A vdihre:

S - Salt flIx ill granisL/St fl of' nivrL bralLi' area/da '

C(r (Concia'ILtratiolL of salt ill raw water

-(',p Cncelini'Ltratioii of salt ihi prodiclt (pe'rliiate) water
ia K, JProjloorionliailN 'onlstant

SI I R ' i"j-'ajl iLi o : l r Slpliy k- Eq uip enitl,'" U. S. D)'piirluhi'hi of Owu Armv aipproved - Muar 74.
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When a tight, high rejection mnemnbrane, is used, the Cp term becomes negligible

luild (-anu be i~ropped. IUnder this condition, fthe. amtount of salt migrating through the

inienbratie is directly pro.portion~al to the salt concentration in the raw water. It is inter-
esting to note that the salt migration is independent of pressure. hlence, the quality of
the produet - walei' is bcs. at high applied prcssure, where a constant salt migration is di
luted wiflh a large volum~e of pure water.

Mt div prce-ut timev, cellulose acetale (C/A) is lthe- principal material used for
meurubraiie fI> -rieution. Other inateri:'Is are usedl to a lesser dlegree, such as cellulose
acetate butyrate, unodifi.-d ,;ulfonateit polx'phenvylene oxide, an 1 aromatic polyamide.
Coniniluing" tesi-arc could w,11 develop mnaterials super~fr to C/A. Thle usual employ-
menet of C/A is as anl anisotropie asymmetric mnembrane. A typical membrane is about

3 mils (75 mnicrons) thick. The so, iace is a thin, dense skin of tightly packed CVA. This
skill is only OA1 to 0.25 micron thick. Tile rest of the mnembrane is porous substructure

(sve Figuire 27). Thle( nmunbrauic is produced xiet andl inust be stored wet, as a water-
laden, lica,,ilv hyvdrated amorphous pate

N is noted that e xperiments are currently uinderway invesi igating the possibility

4P1 prodcin g a drN (:1A inc in brane. TI e'I( dni cinii Ira lie i., p roduneed dry , stored dry,
shippe- d dry, and it does not encounter water until it is put to use. The dry membraneKis, coniposi-d of tiny dry crystals. The thin skin consists of unusually smnall crystals.

"DOW Wa*frr passes through narrow passages (imuterztices) between these crystals. The support.

4 ing ,ubstructurv un11dermicat h consists of' larger crystals. With lthe dry inembrane, the life-

144414 should he intcrea Ianid handling and replacement costs decreased. It should be
mioted that t~iguificant I ý,,grvss has airvadN beven made in the development of a dry cellu-
I use ace tail m invilbrokie - fo r use in tw si ~ ral w io md con figuira ti on. Spvvi~ific ally, a

1--imicl-diamcitcr mlodule. containing 65 squ~are feet (of' dry cellulose acetate membrane-
Ihas bee-4n priodu ced. The inmodule is inten* de d p rimain nly for I ram kishi water desalimat ior I.

li ditin %%r : rgcsn,ýaifcoi i i velopnicnt of a dry sea water

ruiiinibraiii. witichl. whwn configured intoi a -spiral wiiiind niodult, with suitable support
iiiatcrial. "~ill Ilri-iit operation at 1000) psi and pro% iii g -atir 'hian 995/ sal rjection.

Thlý (irN A-a 'A ater nomivbrine iniilulv would lie irnterchuangicalle wvith the currently a dil-
ablel dr% -piral %oumol cellulose- arciali brackishm water ninodhul. Ili additioai. wvork is be-

ing w-ompli4ied on ilte (it kvlopinvicn of it thin-filin composite mni,,branv syNstem n lthfie

1ujiral %oiiiidl iiiniguratioui iti olit'rat ,in a single-stagre sea wvater Unilt. Thel( iieinhraiies
acoin-4nitt (I froin i a hl~ainine cross-linked with an acid chiloridc to produce a sea

~A t,r invi~niranc Awith a jiriijeiiii flux rati of' 211 gallons peir squiari foot pcr~ daN amid
'all rijiitiiins of' '8.)55 oil at singivl-pass operation. Thr major piotential ad~ antage of
1h.- ii-, nivniliranie oi(-r oilier iolxainuide iniruibraiues is that it iaN b lii ore static toi

Ihuiruitd li-ci %N ater uised in inifitar% field opt ratitons.

Thv b~asic f'low% pal tern of N atir Ihironigl an Ho( vsteui is illiiStratel illliu
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4 9-. Smplefigresare shw ilutatn h relationships that exist for 80 percent

water recovery and 913 percent sanlt rejection.

Three basic configurations mav be uist-( for employing the BA) principle:
tubular, hollow fibher, and spiral -wound.

The tubular configuration (Figure 29) has several assets: (a) it utilizes a well-
known ti'chloogy-purniping water through a pipe; (Ib) tile tube itself serves as the pres-
sure vessel and, thus, anl outside pressure container is not neceded; (c) turbulent flow is
easily maintainable, re-ducing the probabiliflx of fouling: and~ (di) it is more easily clean-
able. Onl the debit side, the tubular configuration has a pCoor packing dlensity and requires
troublesome return bends. Data using [lie tubular configuration (and other configurations)
indicate that a drop in flux as a function of time is a serious problem. It is believed that
this phenomenon is a (direct result of increased flow resistanc due to any or all of the

following reasons: (a) conmpac~tion of the porous nmembrane substructure; (bi) release of
tiny pinpoint,, of air or dissolved gas onl anlI( in the roemlci ane ; (c) electrical charge build-
tip due to streaming potential; (dI) deposition of raw water turbidity (including micro-
organisms, clay organic turbidity, suspended iron and mtanganese, and colloidal color par-
ticles); (c) deposition of' scale (Inc to the pr~ecipitationi of sparingly soluble dissolved salts;
and( (f) accumulation of ions adjacenit ito the membrane Surface, which is responsible for

______"concentration plc~arization." Three operational approaches to the fouling problem are
as follo w'ý: (a) pr'cl ari fi cat ion o f theI ic cc, (b) accept the fouling phlen.'men on, I ut

MIclean: the ruenil wane c lcasi on ally, or (c) a ccepIA the founlinig ph en omcenon , bunt practice
rood ular c mp Iacedn lt.

Salt re-jections above 90 pcireenit are ea sily aeb ievablde. WVitlIi c urren£ t projec -
¶ticcý osf'i rese archI andc dev6 el 01)mei t, it is ancti cipIated th atI 99 pri~ci £t releet ioin nine tn branves

Irv will he available in the near future. Inc any eventj, it mnust be remnembered that sAIl mi -
gratiori throu~gh tlie nencibrane is a function of the salt concentration in the feed [Equa-
tio ii (2)1, Thl'~is becomces ~Impo rtalnt whenei it is -valivAcd tI a t Mo liessurizvd( feed water

p~assing t ro ugh . a t ohit 1 nr sy stemi is co)nftin 110usl y Ibeiing "ic wa tered. ci7rIicre fore, the
tee i hiec o incs w ore conicenit ra ted acid] the i quali ty of lii- prodtu ct coniitinunal ly de teriorates
thirowi c thei sys te rn as moicre salt mnigra tes thIiro ugh thle inc ni hra i an d less water muigra tes

thcnuiogi the' no-nibrarc- to dilute it. Alt thei rc1d oh' the sN stern, the coniceintratedl feevd is

40 'isviiargecd as the wa~ste strevam . Alhviatioti of the voccuicenritioli prolemt is achicevable
bN ope a tiing at a low "wate-r rece "civ: i .c., -iiai nitailinl~ iii i h ighi feedi ratc 54) thiat the
fproduc(t OUntiMnt is a small Frac-tioni ccf the feved. llowew~r, %liecn a highly uconcentrated
waste strcani is niesired, such as whenj I)- eciig atw Irlo watcrre~r"i ii

deisirablel. Alsc, low "water rec'omcrx" resuilts ini a ccdimlaralctI~c h igh eniergv rccldlrennc'nt.

The- hollow fibcer cunifigicratiuon isý illustrated ini Figure :30. A typivai rmodulie
is a 4-foot-long. 4V2-iriclu-cianictcr aliumiicuini tube ionrtaininig about 900,000 nylon fibcers,
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each fiber measuring 85 microns outside diameter and 42 microns inside diameter: total
area 1 900 square feet. It is noted that the packing density of a typical hollow fiber
module is sensationally high. Much of the effect of tremendous area per cubic foot of
eqluipmnent is lost, however, due to low flux. Also, the hollow fiber configuration is
particularly subject to the commnon problem of mecmbrane fouling.

The spiral-wound configuration is illustrated in Figure 31. T'his configuration,
by tradeoff analysis, is probably the most suitable for use by, the modern mobile Army.

Ini regard to field usage of' 11.0, inl addition to purifying polluted fre~sl water,
seawater anid brackish wvater, it is imperative that the RO unit be effective inl deconl-
taininating water containing (P11 agents.

Very little data are available onl the removal of radiological agents fromn water
'low by' reve-rst- osinosis.

Ini analyzing the situation, it is recognized that rudioactivc substances result-
ing, fromn the detonation of nuclear weapons will probably be partially soluble in water.

______ it. regard to the insoluble portion, the RO) mneni brane is capable of 100 percent rejection.
This is inl line with its general capability of rejecting all formis of turbidity including clay,
color patces.n mcorgnss Ini regard to the solu ble piortioni, thle dissolved radio-
active imis are governed by' the same permneation laws as stable, non-radioactive ionis.
Therefore, a rejection onl the order of' 99 percent canl be expected with miodern membrane
material. I lowcver, further (alat should be obtained. Ini a preim'imniary study at Fort
hlelvoir about a decade ago with a now -obsolete plate and frame II 0 unit, 94 percent of
strontium.-85 was reinovd fronm tap water to which this radioisotope was (lelilbcrateIN
addted. It is ntotedI that st ront inrn-85 was used as a "siin uii anI" for the very-(lam Igerou s

fission p roducttt st rot iimnin-90, a Ion itJf ved bout'-seeker. St ron tin tn 4 is a gainina emlititer

(0.5 I MEN) of short half-life (64 davs).

Ilindin andI Bentnett rteported a remnoval (11 98.9i~ id cliroiuiitiiii-5 I (existing
as thie chiroinate) by Mleratia ott a noxious liquid waste.

Btasedh on results obtajined, it is voctundcd that:

a. HO i, calalolic of" wmoit illu l up it9 perectn oh' dissolve'd salts fromn w6ater.

1). HO( is caajiale of rt'znoing, essentially all ttirbi dity from wvater.

.lii lute m. itli a and( ht abo~ t. [10 ( sould be capable of reimoing a high

12 Hatjer Reciamaiuijn bY Re't,'r, (Lsrnw, L, I I mindi and 1P. J . Beitmnett, 'Aa I r a YA 
1

4,wage Worksi. hibruary 1069.
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percentage of the radioactivity that could be present in water as the result of fallout
from the use of nuclear weapons.

d. RO is subject to membrane fouling, which seriously curtails its outplut
and efficiency. The problem may be solvable by fecwater pretreatment, intermittent
cleanin-, or modular replacement.

e. RO is an inherently effective an.! simple process which lends itself to a
sinigle multipurpose Army water purification unit for purifying polluted fresh water, sca-
water, brackish water, and CBR contaminated water.

In recent developments, a 600-gph prototype unit has been produced (see
Artist's Concept, Figure 32). This is the first of three types to be developed for the
U. S. Army, with varying eapacities. The 600-gph unit consists of ten pressure vessels,
each containing two spiral wound RO modules. 'T-he incoming raw water is pretrcated
by additions of calcium hypuchlorite for disinfection and a cationic polyelectrolyte,
with subsequent filtration through a dual media (coal-sand) filter.

Future Research. It is planned to evaluate the reverse osmosis unit in the
foreseeable future for decontaminating water containing radioactive materials.

Radioisotopes for Study
(RO vs RW)

Agent of Concern
(Fission Product)

Symbol l lalf- Life
9 0 -Sr 28.9 years
(bone seeker)
137 Cs 30.2 years

(muscle-seeker)
131 I ( days

(thyroid-seeker)

It is proposed to contaminate the raw water to 10,000,000 picocurics per
liter. This level of contamination is considered realistic it- the event of a nuclear war.

* lThe equipment layout for planned tests is shown in Figure 33.

13. Cround Water. The Field Army has the capability to obtain ground water
by developing dlug, bored, jet-driven, and drilled wells. Of particular interest in defensive
operatbons is the fact that properly located and constructed wells would not become con-
taminated by RW surface. contaminants under average conditions. This is not to imply
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that grumid water %%oult lie comnjleteIN inimiiiiii to) coitainiiiatiiii. liiiiit stuigils oil
thle tranisport ot s,, ntitetie deter-gents andi otheir domiiestic and11 induistrial wastc lproihicts

Il -omlater ArmI stigs that groulili %%ater 4ian bear its liroliortionate burdeni

- ~ ~ o lc iontamninants talling on tiII ,rounid slirfavl. Nv('rtliItv.'-ý, vround witer is conisideredl

a1 first list( ofI IMX ili'tiiise adul sholdfli beC v\ptilltel wlic'ni'ewr possibiiil. fiI addilitioi, groundl

awitr has iiiaii aivanitages, iitier thian irvedlili fromii (iPamitaui tion; e.g., (it) it 1 is usualy

wlialIN m~ailable at a ma ~lica Idclisla cool teinjerahire. and (c) it miighit peirmuit location

of' a %%ater souiri' withinii immediate p)roximlity ot the couisiinir. Ordinarily, howeveir,
grromiiil watvr canniot bvi iiscil its clllci''lvI' ini a ZIlloili situationi as in a static one Ill-

cause of' the tinie reqoiril to tlocate' and dVTevlI0 i the WellS. WCil drilling" VeqtijI~IWIeuu iS

IkaN awl bid kN , andI spe cialI skills arc requoire d to Iocate soubsu rfaei aq Liifie rs, drill wvlls,

andl lteliver ftin waler- to flth- suirface. III RIt coiitamiuualeil areas, tests would have to he

pe'rformedl to iteteriniiio its presencei (or absenie) ini groundi water siapphevs. It' 1W were
tiriseifi. it %sul b)1(1le iieiessarN to treat the water byx' the developed techiqiigue. i.e. eiiagu-
lation. filtration,. and leminiue'ralizatiiiii by ion exchaige.

14. Hazards Consideration. Normially , wh eni jroeessinig radioactively oiata iniiiated
ther fi(-wte oiiit operator requires nospecial protecive clothaing. St~ulanadflp

siittiiei, with the' uinderstandinhig thiat fthe latiuuie ;ire ito be sent to thn laiuniiry after everN

Shifit. The pin woolild I)e to a~i anigrdociiNit i( ivinig quarterl area, as
it 'is reeunoiiz(Il that splashingi ol' radiom JatiVelIN contaminuated waler onito tile lati''ue urn-

foirmi will pirobablty occuir ini thfiti-nrmial operationa of' fielql- iipi~neni. Also,, the operator

shiotddli take a, thoroughi showevr alter caei shilL to coiipletvch I-,ishi away amy radioactivity

whichinng have rea-elii his ;kill. fin 11w case t, ofiiI airborne aetivity, suich as duist or
nkist in i t(e area, the NI-t 7 staiidard ClIM service wuask shioluld bv tisui to avoid takinig anly

a-tivitv intlo the 11i11"s. Also, no wafter or food)1 that has nkot lvii'i ciieikegl and eleared
lfir radioactiivity shouldlii' be iiistiiiiio.d

Tliii peuil'ehai bazanl ofi rahiiiactvl~h . ini icontraist it) vietiiiiial aind bliololgical

%ý arlari' agents. is tle pvneitraliiig poiwer ofi beta adii maaniuia radhiationi. G~ammnia raghiatioii.

ini partici'iar, lia. nio triiuihi puilitrating ordiinarN clothinig or- ruihiber sitis. 'T'nrel'orl.,
(the greatest haziardhs to jpi'i5iiiiil ojilalinig tin EIl lDh,atir Unit andl the Mhohilv 111 Ex-

iiianige I nt tie ini exiissive i-Xpiisll.iti'teii ;111(i I I ariii"'ss to /iuiiis ofi uoiiuiitrateui ganliuIna
atjvit '% 'Ihiesi zinics woulhid iioriiallN lbe tliiiitsile aft te ic KR)Litor uppiusite tillshuirry

polul the uillsilhi oii tOw bittmiii sui-tiiui ii, thev lodgc coin'unilratiii. anid the outside suir-

MIPlace t. tfhe vationl extianigi -ohmll. Ilasedil o data olbtainied at thev %(.ada Test Site ill

tiIn tall ofi 19i50. t1u persofinit hazard is not great. liiriiig at O-week test4 period in whichi

,v eral runs were niade ý ili uonitaiiinaated water. tlin ElDI ~ator Unit opeiratior r-ieef

0naix 21it1 ruitrlntuI4u~ln- i~a otal iioidl exposiirc and Iliii Nliibite tong Exchianige

iinit opherator oiih 30 Illiliril tinii~ltei-1e1 i%~ aliiit-Iiuiill. TI'ii: dosage Is well beclow the 3000

nigllioiitgiiu~uixa'it-nan 1 ,riniittigi bN lii AEC' tar ain% given I 1-wuvek peiriodl.
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Some(airshoud beexeris-1 in disposing of conceril ratedwtesuha

FRI- )Lator floc, cation erehange regivleratio)I fluid. Ac. Three basic soI rues are

a. lDi and 0)i" - D~ilute and disperse.
1). **Co aind Co" - (>n icentratc and confine.
C. -Dv anli Dr-~ - D'cla', and decaN

kIdINagill itlieSt prinuiplesv it, fs-ae ýitce ij w~ould apixwar that one of the follow-

i d.I-oal p racIicV, 4Could be ii v kedi

2. jDownjkdeam Discharge. No addition of radioisotopes to the stream that

44 mert, iio;t there to start boith.

b. L.agooning. Couldl e4Inlamnnate g~rcnud watc-

C. ontaiunerize and Ship Away to N.Ak. -jai Graveyard. %lay bxe the best
vsav ',wt i, eximnrslw. arid masy appiat ridiculous illv buhllnpArisuuli withl other problems
:p-.i,i, ~ate-d with a nuriear w'ar.

C(nsiiihuratiuii roust Lb- gi~se. to tht- decorrtamnioation of equipmnrut that has

lict-ti ived for procc..rug water that ha.s beeni coi:aniuaiaterl A ith radioactive materrirk.

pe"A of LIoIljItonart, inw hi-d. Gross dieconlamnitinton inivuAves the quick,
reaj.-4najhI ifucwwt noethods that can bi- appneuil in the field to rerro~se the buIlk of the

J. Fýajdjone 4:t co0111 la ini.t.o'A Ort radii aetie st'listance Otws 1141 occur
t %'nfv It favo~rs rownighfir p~orow. ýurfavvý judi tzi4)ý ,ujrfacv,~ sibhjeet to scaling or

I o. :,irit radii 4i-ito ,pe rtr mo4re rveam , j4l,4iriko oll surfacceý than others.

c. lU4IAI)lII.14i1I UIiiJjiIi~ ill. I- -lit-ial or bioiojieial Contamiliantb.
'v.iig'it ait Walk~ be inoaet hal d. lneutralwzA4. or de.,rm~ed. No degrer, of herat or C-old or

IF iwn~i~ai rk-,,Ivhi in cart up or -4%Io uloh i the ratef iiia% Time i, flthe (rnv ý.aetor

4,1 idf 4k a.u a~,at~Ii lluerrfort.. Ow oni kW ay Of ditriaiu irp
rilf,'t j- t(. ;vIiiiow h Ow l.a~~. 'uiatal'qe arid tran-fer it eMw~-e
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d. lt-terznrnation of tilt degircee of conlarnuiationl may he. difficult. Most (of

the c'ontamiiination will be insidte pipes, pumps. etc. III I'm-, positive radiation readings
mnatsite tile phlnmhing can he- obi airied only wheni the cozitamiuiatinig rinutrial is a ganima
vicnitt.'r. When tilt eo'ntamlinaliitg malterial is all alpha or Iw-ta eminiftr, the radiation

liar Iile w t-- .ill usuall) 114' shihlded b% tile will tliiektne&. Will will out 1 lit- idlectable [il Il~i
o itsidle. lit thIis in.-dat ce, the vq LIiptictl' will h aw~ to IN, of e Stl, such'I aS 1A' 14)1 -4 11in-i a
unioni amid. pe-rhaps, a ostcin of 1)11)4 r4fino~ed. Thev Irobt' (if a ie-la-gamniia stinv i",ncter,3
Meht as the IM~- i &Ill) R-:!7j hadiaemivicr. isama' tOwni IN insertte41 lirI'r'Iv into (Jil- pipec.

and thi-ii proccci'ling Ili 4-v.allvil 'har?.i' Iihet-hodls.

'I'Iir- ýtjttlan d %ruvt, lire ouvo11rc for dl''Ji-olamina~itift, %al4r comattlainatilj with

raliioijchiht -ultl~tdl4cý4- .aW' 4lt .4.rivs flrorl'-'sstg inl ait EIDL~ator I nit Wilil a Wlde-l,4'141

Excohtange, L. nil.

'1'I'i LRD~ator I mt A.-ould rv'inol.c all raliioact-I, eijintaincv' ill ýu~qx-itsioti.

wind lilt- Moplo. ](tin,5 Ei'A4hiiiutl I nfil would' r4-jgho',4 all raalsoa'icin mitisliiit-t' inl solution.
Rjadioaj4'ti't- ~militAmiiii-ý voild IN- aik..rhield oli iri M rvia' (of dic. ul-Il~o lj~iiJt. pjp' m'pui -.P
I't.'. Wmillil fill~' -4-414- Will.~mu filist.lthat ntritaalls form iliot inviatllil' .,urbn'ej". Smtt44 titi,

o*f tic' %alr pa,ý-,igvz~.d oftill lidobi.cJm x-,. I limatgo t ill are, rtihlwxr ined. flic coittamtiia-

thoul 41mjulil IN- of a lo% lirdurtci i magni 1111. I -for.at~ t ill% c 1tpint4il .e thct litimintit ou

jproll'lltirv t- ishtcnjil. if, tife firA I s't-&;eratIjmt AIotili lot fi the .h'rc. (if eoitaminaalimit

14 'e'ptahi'. he' r vi Ito pu'irn Ito IN- nkAniv pIct; Ito timmn .'164-rid d ir a~ t 1A4n 1.1 INe dt'.lrabl.
1IN40U Ji~nlu radliaitio lICC I -Waimall' that of bicakgr~oitdl. wialbLife-t probE' of a r'''
mil ta'r lit-li *iretl4.0 In 4'rI t) e141" tiv, l ý'uriet vs. Fot*lir g't % arlima,' cm4,Il~itint. a
murbli lthi4'dir It %cl ,I i nt*towimmljiim cul4Ctil i'1.4- it , c loi.u js'-rlap- 241 uilz~'tg'i

ibmr,-orhs'hlom 1st hour ter fit, ).-I. liaj~ltejIat,,. ul~as,' tlitl. Ili(. flte M P'Aip'llll 1tied

tOwn II.' hlairmiid a- him,t a- litv' -%4re'telha14d411ttt o. ~~~~ ~ai ,,a~at
Iin jel ir -otllter liauter-. Nl",. tif lIt,' v'lhiaumrilil t~ure ,.*nLii,imiludai Ailb fro'.4i lei'emon lie,.

ltml1. *unl-it ral.'14'411ld Nt-ntta I ,ltl Aindii je Alot~'i,-k1' ter letear(-. -i vi'i-tl4 if-ltealTli I

rdfilai crlteril e'ilquilllt't i- I. aaialibv e',r it fle-. 4'qtmpinu'sl -n i1file r4vIiirmi iomirt4'liaI4'I . I I

Ad toiih a' ti~'l.'hh vIeav iiell a img Iraiilaif L~ter aif Oc W.'aaimi-t*it%,citautwi-itlrd'i mal,'r pi-'%

F4. rrjd in ilm am i irocii-v. vitis i 1)44'illr mlwi, h'. d (iimft,' .'111icr af, at ahind. 11'tgl

l'~ve'1~ e4 eaita,,imatiom (c) I,ic lra~i.~-mirril Ito iollier are'aý.

ilkIiv'i a im10cr.4' vla'n~i', dcr'4ttmianiualvnut - rcqiirv'l. I dle'jiilr dvc'loalattti-t

lii ro dirv mdiuvdIl rarava fv c:ýr Ticlref-trci8I



Coniducted in the exa( t order shiowni to achieve best results:

a. Conduct a preliminary flush to remove easily dis9lodged surface contami-
nation.

b. Conduct a citric acid-disodium KIITA solution ti-catment by circulating
the solution through the equipment. One-hour contact time is suggested, preferi, ly at
a ternliralurr of l6O0 F to 200' F. Continue until a check of the residual activity indi-
cates thai the desired degrtee (if decontamination has been achlievedl, or until it is appar-
ent that a continuation of the treatment would result in no further decontamination.
The citric acid-disodiumn EI)TA solution is prepared by dissolving the following ingre-
dienits ini hot waler in flthe order shown: lDisudiuni EI)TA - I ounce/gallon; citric acid-
I ounlce/galloia : Sý l1thlitl noiniolni detergent - 0. 1 to I oiniie/galion (Military Silecifi-
cation MllL-)- 1679).

If further deconamitnu~aioni is nvcissarv . conduict a soidiumi liv djXjdde-

liotassium in ermnanganate, anlm(Jlniu ii citraic treatmnicat. ]'his Ireatnien I lacilitates the
reznkinal (of adhervint oxide films with their assýociated con~taminaIitioni. Thel( sodium
IIN 4Ir8xide-poitassiml n lermnvaniaiate rinst' is used first. tine-hiour contact ;eis suggersted.
p)ri-fcralil% at a 14elnJeralurc of I9W~0F it) 200)'F. The solution is pirepared8 it% dlissoilving

the folh w iiig ingred ien ts in water: Sodiumi hmi~ roxi de I 13.1 (80111 s/gal 1(111 potassiumII

flier flit- sod~iumn ir i c li s.. eiii a I Ireatinv1iiil. the equIilp.

nim- ii s -ktiii a %%a icrr i iie a iilI thlen ~ubjvctud8 to all aslinvptu 811111iItra Ic treatim1111 . t hue.

hour rotitaut timte is ýuggeosievl, ljre fcralJ% At a tempelrature( it 14)00 F to ;("10 F. Thec

-Auimaii'a is prepar ed hj da ssohi !n diammoniu1 lonmifln oIi~drogevn cit rate in ii aIr a: 48wni:

lDianinionimian monobi~odrogoen 4aiinaie - 13.5 icc/al.

13). ConlVubions. It i- 1-. ,,as1d'ld d iht:

a. T111-~98 i nnloi 14-lea Acptmii li''-so i t,,,crr. flirt-it Ito a lvat Mi8 iiý as

re-oall oil initnimmiatien %itli fi..i~iil 18r88811t-, mIiies-iitmdl pilipom iuiii araitiniilll. o~r

lo. l'Ali mea inln .8im 111 lvar .% Iapa8c t %arim- %% i ii% lit il ~%%,8tr mEbiih lilito 818

jlI-l~in-, iirimaii .%init w fli811t-l iwlti.rr 411 tlir "'ail ln th Ow 0 imlNilt g1 rimm1l8 zvrii.

v IF-or t-%aliialioni if Va'r dt14leamoitaiatimi 1arm Vc.W-'.. a jirlnisihial \1i14:

oil 3M.000H fan8,8-Iric- per l~il r ofi bo-ij-~jnim i arii-iI' wir~I' a!. jll avilcjalti guiili.

8!8 #



d. A semiquantitative check 'I the level of activity in raw or finished water
can be made with a standard PDR-27J beta-gamma radiation meter. The probe is pro-
tected with a rubber sheath, inserted into the water, and a conversion made from thu
meter reading in milliroentgei per hour to picocuries per liter.

e. The standard Army ERDLator Water Purification Unit is effective for re-
moving radioactive substances from water when present as suspended insoluble turbidity.
The ERI)l~ator will not remove radioactive contaminants present as soluble radioisotopes.

f. The efficiency of the standard ERDLator Water Purification Unit in re-
moving soluble radioisotopes can be improved substantially by pretreating the contarni-
nated water with clay or some other radioisotope adsorbent.

g. The standard Army Vapor Compression Distillation Unit is effective in
decoll laminating water con taining radioianctive material.

Ih. A fiheld expediemnt method consisting of tile following steps is effective in
renmoving CBR c'ntainitiants from water: superhypoehlorination and activated carbon
adsorption in stries in a Lister bag, (coagulation, filtration, mixed-bed ion exchange de-
mineralization, and post chlorination.

A. Thc stanidard Arnmy loh, Exthiaige IUnit, when used as a post treatment
de, ice after the standard E]lD)loahr Unit. is ctfeeti•v for r,.inovimg soluble radioactive

substantcvs front water.

j. The revers., osmto.sis water purificatiollr ,'evs is promising for deeion.
taminating water cont aining rjdioactfitik in both thet s. ,lilt, and insoluble state.

k. (,romiu, •iater maj ra.sonalhik bx a.smnvtld ito lie free of radlioatih sull-
tlani'r ad 4l1(uhl Is' 1tul'd hI'c'ier Ohw latical ,ithiahioni 1wririts.

I. 1I.tioa,'gi•,' .ia.I,' -hmrri'• ,ha•'h,!uHd a' a re.aat it af isite,' \rin, heldI

%Al,'r ;prifi.alim, 'qaaina.:i .hidi he, disp.a.,I ,t' iruawri-r• I Inirial oir oither appharo-

prih. ...a....

"I1)
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APPENDIX A

USANIERL)C REPORTS

D)ECONTAMI NATION OF WATER C'ONTAIN ING RAD)IOLO)GICA L AGENTS

US AMEII Ia:
Rtepolrt N o. 'Title offieIport with Dt~ae & Brief I'Vescri1 tliol

ir 1275 lPUrificaiio~n of Wafer Contamninatedi withi Radioactive Material,"
24I IDecember 1952. D escribes jar test studies at flt, Oak Ridge
National ILaboratory usin g po wdered iniale s. (ta%, coagutan is and
ionl (ctliallge, resins for flie remioval of reactor.1 )rodilleII fission

p~roduc1ts and selet-vted rad~ioiso~topes from " ater.

13 I3 -Ivnoa U em 'aIaRadioaeti~e tatcri~als fromi Conitaminated Water bN
1hlicrminoiipresiina I istillati~mi.'28 August 1953. Ijeserihes the
u- 4) ola bJ.-(; itl vapo4r conl1 )resý,ioll distilltaijontitLli for renaoving'

fixsionl produrtI1' and sigiiifirazi inldi~'idUaI radiuisotopes from water
at tIl- C )k Hidme National Laborutor%.

135-1 "Itermo~ i of Iaitiuaeth e Substaiiee fromi Wati-i I)y lon ExI liaaigd
Pro4-e~.-wi.. I I jim 19 454. D)csrihcs laboratorv in toexciajimu'

shtiit.ii and a pilot-sizv iona fohaag ounu r remmfn4ilg fission

dj ro(Ihickt amtl skificiant ralditjiý-otoitts fri. a water.

I 390 ''IeriinuJ ofi Hadiol4wI)ill Wiarfare' AeI-nis fromh A ater." 22 April

19,-.-. lbescrilics the renio~ai of ageti tissiogi prodtiit't amil 41-4tvdeit

eoalpilatilbi. 4IlaN a(k~q)r[bion~ andI ion1 cwh~aiig. t"(tjiiijiii'ut evatit-

ateti iiirl'les 6(,i( ;PlI vapor comp1;res.,o isi llahLtioltl 4161. %ýalvr

PurifiviationI Set No. I and a field expediewi.

1 Ut- 1Imo~al of Haduiactuve MIaterials from1% Waler bN the Water Purl-
fivatiogi Unit. I land-C Jmwrald. Knatsaek-Pack. utrPa1Tj
44'1'%. lP and lix a Field Ex~pedienat. 11I) NIa% 0 '55. I )-tribv,e v'~at-

oation of 'A aler hunifivation Se1 Noi. I for rt-mmin .i radiohiaitiwe
sntbstan-4s, fruit. water. Hrnio~ats of 115) 1to 95 pere-4iitit'(h fission

producaits indicatedi %ith etIa% 1 )rtreatinellt. Also desti l"s a fivld
ep-Ifeient romi.Autiig of a t-tltomni packted wilhi eaN . !lImhllL. andll % g-
4 talioti %hivel rem ()Vrl 85 to 95 per'enlt oft fiss;itti juiinliat acti0%it



APPENDIX A

USAMERDC REPORTS

DECONTAMINATION OF WATER CONTAINING RADIOLOGICAL AGENTS

UJSAMERI)C

Report No. Title of Report with D)ate & Brief l)escription

1275 "Purification of Walcr Contaminated with Radioactive Material,"

24 Dlecember 1952. l)cscribes jar test studies at the Oak- Ridge
National Laboratory using powdered metals, clay, coagulants and
ion exchange resins for the removal of reactor-produced fission.
products and selected radioisotopes from water.

1313 ":Removal of Radioactive Materials from Contaminated Water by
Thlrniocom ressiom lDistillati:)n," 28 August 1953. Describes the
t.se of a 60-(GPil vapor compression distillation unit for removing
fission products and significant individual radioisotopes from water
at the Oak Ridge National Laboratory.

1357 "lRenmoval of Radioactive Substance from Water by lon Exchange
Processes." II June 1954. l)escribcs laboratury ion exchange
studivs and a pilot-size ion exchange column for removing fission
products and significant radioisotopcs from water.

1396 "Removal of Radiological Warfare Agents from Water." 22 April
1955. Describes the removal of aged fission products and selected

radioisotopes of radiological warfare sigidficance from water bl
!.oagulatimu, c-lay adsorption and iom exchangv. Equilpmellt evalu-
ath'd inclCLhdes 60-(; Pl vapor comrpression distillation umnit. Water
Purification Set No. I and a field expedient.

I tO4 -Removal (of Radioactive Materials from Water bk Ithe Water Puri-
fi'ation Unit. iland.()perated, Knapsack.Pack. Filter-Pad-T|pe.
'/4-(;PM awid by a Field Expedient," 19 May 1955. Describes v',al-
nation of Water Purification Set No. I for removing radioactive
substances from water. Removals o( 85 to 95 p)crevit'( of fission

products indicated with clay pretrwatment. Also descrilbs a fielh
expedient consisting of a column pae'kcd with ula-, hUn- s. and wg-
tlation which removed 85 .t 95 perc•,t of fission pruill- .t acl, it4.
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I1-00 -Ilinioval of lbioa(I(v(Ii~v C ontaminiiants from WVater with the Corps.

'Wribv, field 44p4rati(4l1 oft 11(M)-(;141 Mobile Waf~ter PuirifctivjonI Uniti
:it [lt-e Oak Rlidge National L.aboratory for remiioving~ fissioni pro-

duect aetikiIN front water hiv convent ional processi1ng. p re irea tih nI
ý61ii vlay. andpl.- 14~t reatintimit with ionexcang (\'liires~~ins.

1 151I-RH -"'liii leivin al of l16aeoacti~-i Material fromn Watvr i~v SuinaI Coapwu-

I.1tion1, b ' %lon Exchlanige and 1)) (:ar(-oaI AdX~sorptin~m," 22 June
1956. D esvirihes IaboratorN studies at thei Oak Ridge National La114-
rah irN fo r rcino4viu ' ra di 4auIive so 1 stanvieds fromi water by serial

coiagu~lation1 w.4ith3 %ari(43s (oupagnl t coimbinliationis, ion excliaiigo.,

and ( adiso~rpto 41(43 act ivatiid b ( me c3arcoal.

1 492- It IH 14411 l'xtel ative for the R ('03~a o f d Ra dionucl( id4 es Ifrom Wate r."'
7Auglist 1 957. Describes5 114 ust- of' ion0 exchanige equ~ipmennt for

rv34 wing tissi on produL3c4 activity fromn water.

I 569-I'l "Solubility Ciiaraveltristics ofI Hadjoactive Bonib lDebris in WAater
and( I FAaltia Iio(n of' SMAc 1ed De( ceontIaminoatIion Procvd131r( s.'' 12 I'c14ru -
ary 19459. 1) scribles work con du cted at the Nevadai Inls I ,.ito und ie r

Opvra Ioi onPIlum01b 114usinig bob in1e(cbris (41)tail Ld frm i sho t PriscillIa.
I )4I ris wasl SLi ) e1bC Id t44 a ialiora tory stud(1 of its 5(111ibi lily ch arac.-
leristIics ill %% al[4'r, followed bI~ Iy an eval LAati'il"0ot ()I' cagniu Ia .ii,1 adso4 rpi-

tioin. ion 4 xcl3 iange, and4 otbl procse fo(445C ~r remov4 X ing Iiiv dvhri.(3s

fromi water.

16 13-11It "1)4444. auiniiatlio ofi Watcr Coiitainimmaled withi Pliloniiiiu,''
122 *janua~rv 1 960. lhscrilics expe4r~iment., condiii(tii4 at Ilic Los
Alamois Srieitific Lalioralory 'vaIltiatiiig tli(, I 51W-gpli Nlolilv
%kat4r hiirificatioii Unit for rvnoiiviiig p41itonimn~ll from wate-r. Al1so
desi-riis 1pilot siale %,ir' on[ the 41e((litainiiiationi elfficivii- oft
sol t4llii: ., carbon4l adsorpitioni andu ion exeliange Iprocesst-s.

I 673-tIt H Hi'rn"Val (it Niielean Bomb311 Diebris. Sironintimii-9(l. Ytrimin-90.
and (.esunn-lA 137.... Baium 1:1 fri... Wl.cr -wil........of Fngijlct.r

NJ o1ilc Uhir I v rea IiniEt I';l(iii IorniiI ( ivers vxpt -':1h4iII vo;i Imle31i I

lit Ibc NI'%a'a lest Sit( slud"ring the34 I .5IbO-gph Moblile. Water Punri-
tji44tj44i1j I 11il an11 SHIpl Mobile Ion Exelzaiigi I nil tor reiuoimigt
from li water I -~noIld micluair bondb debiris gromid34 1(o 3 nmicrions

4i~('r.oze parlrielv sjiz. %lsOi ((cr., time remimual of solhible 'Ii i diimn-

90- fiiu -9, ndccim- :7 armn 17



I)

1,702-RR "Removal of Chemical, Biological, and Radiological Contaminants

from Water with Corps of Engineers Field Water Supply Equip-
ment," December 1961. Summarizes and app)lies to field use re-
search data obtained on the removal of chemical, biological, and
radiological agents from water. Discusses the problem and covers

maximum permissible concentrations, deteetion, watcr decontami-
nation equipment and methods, protective clothing and equipment
decontamination.

1832 "Blast Effects on U.S. Army Water-Storage. Containers," October
1965. Describes a study made at the Suffield Experimental Station,
Canada, investigating the blast vulnerability of current military
water-storage containers relative to: shock damage and water con-
tamination resulting from airborne dust. Tanks filled with water
were exposed to the effects of a 500-ton TNT detc'iation.

1904 "Field Expedients for l)econtaminating Water Containing Nuclear

Bomb Debris," July 1967. Covers the results obtained at the
Nevada Test Site during the summer of 1962 investigating: the
solubility of radioactive debris in water, field methods of determin-
ing the concentration of radioactive materials in water, field expe-
dient methods for removing radioactive materials from water, and
"a squad-type universal method for the removal of CBR agents from
water.
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Address:
licfceise Dolcumentation Center (iDCi)

(CatticonI Station
.Ucxanidria, Virginia 22:314

UJSAMERi)( No. DI)IC No. (AD))

1275 1423l0
113 28983

1357 i 44591)
396 73435

1404 82052
1406 105(1037
145-1 I- It 113 180
.14)2- Il 142961

15609- II 2124i1
16 H1 .4 R 2346(03
1673-101I 265585
1702.-10R 274:100
11132 625306
I 1904 565930

_4i,



Ordering fromk Dhepartment of Commerce

Address:
Clearing IIouse (f Scientific and Telcclinal Informatioil
U.S. Departnwnt of Commerce

5285 Port Royal Road
Springfield, Virginia 22151

1SAM ERI)DC No. NTIS No.

1275 P11 136037
1313 Pit 136038
1357 Pit 136024
1396 Pi 136025
1404 fil 140084
1i406 PIt 135996
1451-RR Pit 128495
1492-RR I'ill 136482
i 569-R111 I'll 152650
1613-RR Pit 147816
1673-RR PBAI) 265585
1702-1 It PI1AI) 27.4300
1 8:12 AD) 6255396
19014 AD 656930
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APPENDIX B

ADDITIONAL REPORTS

Sanitary Sciences Division Participation

(Non-USAMERDC Reports)

o. " c Selecteld Water Supply Equip)ntcfl." Operation Buster Project 3.9,
24 April 1952, Lindsten and IlansCn. l)Defens Atomic Support Agency, Unclassified.
Available from Sanitary Scicnces Division, USAMERI)C. Fort Belvoir, Virginia.

)cs'rilx lilthe effects of a nuclear air burst on water stored in 3000-gallon G(RS
coIate{d nylon fabric tanks. Study cotiducted at tlie AEC Nevada lest Site iii 1951.

2. "Evaltialio n of U.S. Army Field \Vater Supply Lquipmcut and Operations," Opera.
lion Jangle 6.8. 15 May 1952, Irindsten and ILowe, lDefens, Atomic Support Agency.
hiilassified. Available from Sanitary Sciences Division. USANEI I)C. F'ort Belvoir.
Virginia.

IDes.ribes the ef.erts of a nuclear gromid-stirfave blast on waher stored ini 3000-
"galhln (;ItS 'oahvil nvhidm fabric lanks. Also describes ati evaluation of a IU.S. Army
I 5.-gp I )iatlnih.e Water Purificalion I 'nit I'for remlovitlg radioactive con'iaminaliol
I'mrin water. Study 4.indiutheud at tle AEC Nevada Test Site iii I 951.
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